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General Soil Map 


The general soil map, which is the color map preceding the detailed soil maps, shows the survey area 
divided into groups of associated soils called general soil map units. This map is useful in planning the 
use and management of large areas. 


To find information about your area of interest, locate that area on the map, identify the name of the 
map unit in the area on the color-coded map legend, then refer to the section General Soil Map Units 
for a general description of the soils in your area. 

Detailed Soil Maps 


The detailed soil maps follow the general soil map. These maps can 
be useful in planning the use and management of small areas. 


To find information about 
your area of interest, ) AN 1 
locate that area on the Parks RIS 
Index to Map Sheets, aw MAP SHEET 
which precedes the soil 0 

maps. Note the number of ESCH 

the map sheet, and turn to 2 
that sheet. 


INDEX TO MAP SHEETS 


Locate your area of 
interest on the map 
sheet. Note the map unit 
symbols that are in that 
area. Turn to the Index 
to Map Units (see Con- 
tents), which lists the map 
units by symbol and 
name and shows the 
page where each map MAP SHEET 
unit is described. 


NOTE: Map unit symbols in a soil 
survey may consist only of numbers or 
letters, or they may be a combination 
of numbers and letters. 


The Summary of Tables shows which table has data on a specific land use for each detailed soil map 
unit. See Contents for sections of this publication that may address your specific needs. 


This soil survey is a publication of the National Cooperative Soil Survey, a 
joint effort of the United States Department of Agriculture and other federal 
agencies, state agencies including the Agricultural Experiment Stations, and 
local agencies. The Soil Conservation Service has leadership for the federal part 
of the National Cooperative Soil Survey. 

Major fieldwork for this soil survey was completed in the period 1980-86. Soil! 
names and descriptions were approved in 1987. Unless otherwise indicated, 
statements in this publication refer to conditions in the survey area in 1986. This 
survey was made cooperatively by the Soil Conservation Service and the lowa 
Agriculture and Home Economics Experiment Station, Cooperative Extension 
Service, lowa State University, and the Division of Soil Conservation, lowa 
Department of Agriculture and Land Stewardship. It is part of the technical 
assistance furnished to the Hancock County Soil Conservation District. Funds 
appropriated by Hancock County were used to defray part of the cost of the 
survey. 

Soil maps in this survey may be copied without permission. Enlargement of 
these maps, however, could cause misunderstanding of the detail of mapping. If 
enlarged, maps do not show the small areas of contrasting soils that could have 
been shown at a larger scale. 

All programs and services of the Soil Conservation Service are offered on a 
nondiscriminatory basis, without regard to race, color, national origin, religion, 
sex, age, marital status, or handicap. 


Cover: Soybeans on Canisteo clay loam, 0 to 2 percent slopes. This soil is intensively row 
cropped. 
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Preface 


This soil Survey contains information that can be used in land-planning 
programs in Hancock County. It contains predictions of soil behavior for selected 
land uses. The survey also highlights limitations and hazards inherent in the soil, 
improvements needed to overcome the limitations, and the impact of selected 
land uses on the environment. 

This soil survey is designed for many different users. Farmers, foresters, and 
agronomists can use it to evaluate the potential of the soil and the management 
needed for maximum food and fiber production. Planners, community officials, 
engineers, developers, builders, and home buyers can use the survey to plan 
land use, select sites for construction, and identify special practices needed to 
ensure proper performance. Conservationists, teachers, students, and specialists 
in recreation, wildlife management, waste disposal, and pollution control can use 
the survey to help them understand, protect, and enhance the environment. 

Great differences in soil properties can occur within short distances. Some 
soils are seasonally wet or subject to flooding. Some are shallow to bedrock. 
Some are too unstable to be used as a foundation for buildings or roads. Clayey 
or wet soils are poorly suited to use as septic tank absorption fields. A high 
water table makes a soil poorly suited to basements or underground 
installations. 

These and many other soil properties that affect land use are described in this 
soil survey. Broad areas of soils are shown on the general soil map. The location 
of each soil is shown on the detailed soil maps. Each soil in the survey area is 
described. Information on specific uses is given for each soil. Help in using this 
publication and additional information are available at the local office of the Soil 
Conservation Service or the Cooperative Extension Service. 
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Hancock County is in the north-central part of lowa 
(fig. 1). ۱۱ has a total area of 366,080 acres, or 576 
square miles. Garner, the county seat, is in the east- 
central part of the county. 

The county is chiefly agricultural. The principal crops 
are corn and soybeans, but oats and hay are also 
grown. Beef cattle and hogs are other important 
sources of income. 

The landscape varies greatly throughout the county. 
It consists of wide plains and precipitous hills, some of 
which enclose lakes. Marshes alternate with knobby 
hills. The valleys have gently flowing streams bordered 
by rounded, sloping hillsides (15). Elevation ranges from 
about 1,125 to 1,350 feet above sea level. 

This survey updates the soil survey of Hancock 
County published in 1930 (29). It provides additional 
information and larger scale maps that show the soils in 
greater detail. 


General Nature of the County 


This section provides general information about the 
history and development, transportation facilities, 
business and industry, relief and drainage, natural 
resources, farming, and climate of Hancock County. 


Figure 1.—Location of Hancock County in lowa. 


History and Development 


The history of what is now Hancock County began on 
September 9, 1854, when Anson Avery and his wife 
settled at Upper Grove in Avery Township, which was 
later named after him (18). A year later, an unnamed 


settlement was started along the Winnebago River, 
south of Pilot Knob in Ellington Township. These were 
the first two attempts at settlement in Hancock County. 

As settlement continued Hancock County was 
formed, and then it was attached to Webster County for 
judicial purposes. In 1857 it was made a part of 
Winnebago County. Finally, in the spring of 1858, there 
were believed to be enough inhabitants to organize a 
separate county. Application was made to the county 
judge for Winnebago County for the necessary authority 
to form a separate county (18). 

Hancock County, named after John Hancock, was 
established as a result of an election, held June 28, 
1858, in which 22 votes were cast (18). A county court 
was elected, consisting of judge, prosecuting attorney, 
and sheriff. During the winter of 1859-60, an act was 
passed creating the county board of supervisors, 
bestowing upan them the powers formerly vested in the 
county court. 

County government continued to organize in the 
early 1860's, and in 1865 James M. Elder, Clerk of 
Courts, moved his office to Concord, thus creating the 
first county seat. Concord began to grow, and the 
courthouse became too small. The following years 
brought a long fight between Britt and Garner to decide 
where the new county seat would be located. After 38 
years, a vote finally settled the issue, and the county 
seat was moved to its present location in Garner. 

The 1860 census listed the number of inhabitants of 
Hancock County as 179. By 1880, the population had 
grown to 3,453. It consisted of natives of Germany, 
Ireland, France, and Bohemia (now part of 
Czechoslovakia). It also included Americans from other 
parts of the United States and a few Scandinavians, 
Scots, and English. The American settlers emigrated 
mainly from the New England States, New York, 
Pennsylvania, Ohio, Illinois, and Wisconsin. Although 
these early settlers were poor, they bought land at low 
prices, making small payments over long periods of 
time, and through hard work became successful farmers 
and businessmen. 

The population of the county grew rapidly after 1880, 
and reached 13,752 in 1900. The growth of the county 
during this period was not in towns but on farms. The 
towns grew and expanded but lagged behind the 
development of the county as a whole. 

Since 1900, the population has increased slightly to 
13,833 in 1980. Garner, the county seat, is the largest 
town and has a population of 2,908. Britt has a 
population of 2,185 and is next largest. 
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Transportation Facilities 


Transportation facilities generally are adequate for 
the economic enterprises in the county. Every farm is 
served by a graded and surfaced road. Most of the 
roads are surfaced with gravel. The main farm-to- 
market roads are surfaced with bituminous material. 
Federal and state highways are concrete or concrete 
surfaced with bituminous material. 

U.S. Highway 69 generally runs north and south 
across the eastern part of the county. U.S. Highway 18 
generally runs east and west. It intersects with U.S. 
Highway 69 in the east-central part of the county. State 
Highway 111 connects the towns of Woden, Crystal 
Lake, Britt, and Kanawha; and State Highway 17 runs 
along the border between Hancock and Kossuth 
Counties. 

Of the two railroads that serve the county, one 
crosses the eastern part and serves the towns of 
Goodell, Klemme, Garner, Miller, and Forest City. The 
other runs from east to west in the center of the county 
and serves Garner, Britt, and Hutchins. Corwith, Crystal 
Lake, Hayfield, Kanawha, and Woden do not have 
railroad service. 

Bus transportation is available to towns along the 
U.S. highways. A regional bus system serves the 
county. Every trading center is served by motor freight 
lines. A small airport is located near Forest City. 


Business and Industry 


Industry provides markets for farm products in the 
county. Nearly every town has a grain elevator, a feed 
mill, and a fertilizer plant. Organized livestock auctions 
are held in Forest City and Garner. Several towns have 
frozen food locker plants. 

Businesses that sell and service farm machinery and 
supplies operate in several towns in the county. 
Veterinarian services are readily available. Industry 
provides several hundred jobs in Forest City and 
Garner, as well as many jobs at Britt and, to a lesser 
extent, at Kanawha. 


Relief and Drainage 


Hancock County has been influenced by four distinct 
geologic characteristics. The Altamont end moraine 
dominates the central and south-central parts of the 
county. It is characterized by nearly level to steep 
terrain and contains areas, especially in the south- 
central part of the county, that have the strongest relief 
and roughest land surface of the county. In the north- 
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central part of the county, glacial outwash is 
characterized by level to gently sloping terrain that has 
numerous small depressions and potholes and a few 
large depressions of muck. The Algona end moraine, 
extending across the northwestern part of the county, 
has a physiographic pattern much like that in the south- 
central part of the county. The rest, and majority, of the 
county is dominated by a ground moraine that has 
many small depressions and potholes and a level to 
strongly sloping landscape pattern. 

The south part of Hancock County is drained by the 
east and west forks of the lowa River and by the Boone 
River and its tributaries. Otter Creek, West Otter Creek, 
and the middle and east branches of the Boone River 
also drain the southwest part of the county to the south. 

Buffalo Creek, Lindner Creek, and Plum Creek drain 
the northwestern part of the county and flow southwest. 
The Winnebago River and its tributaries drain the 
northeast corner of the county and flow east. 

in places, the channels of some of these streams 
have been straightened and deepened. In addition, 
manmade ditches provide surface drainage and outlets 
for underground artificial drainage systems. 


Natural Resources 


Agricultural land is the primary natural resource in 
Hancock County. Other natural resources include water, 
sand and gravel, decomposed peat, wildlife, and, toa 
minor extent, trees. 

Hancock County has a good supply of underground 
water. Wells that are properly drilled rarely fail because 


of a seasonal lack of water or during periods of drought. 


Some wells are less than 100 feet deep, but many are 
as deep as 300 feet or more. Shallow wells and sand 
points are dependable sources of water in a few areas 
where the substratum is gravelly. Water quality 
generally is good, but a few wells have higher than 
desirable nitrate levels. 

Several thousand acres have potential for irrigation. 
A few shallow wells in an outwash area currently 
provide water for irrigation on a limited basis. The best 
potential for irrigation is in areas south of Crystal Lake 
and southwest of Forest City. These areas have soils 
that are seasonally droughty. 

A few springs, seepy areas, and artesian wells are in 
the county. A few of these wells have been developed 
as a source of water for livestock on pasture, as well as 
for recreation uses. Eagle Lake, Twin Lake, Elrod 
Sherwood County Park, and areas adjacent to Pilot 


Knob State Park have been developed as wildlife areas. 


Smaller, marshy areas are throughout the county. The 


marshy areas provide many opportunities for hunting 
and trapping. A few manmade farm ponds, several 
gravel pits, the Winnebago River, and the lowa River 
provide opportunities for fishing. 

State parks are located at Eagle Lake and Pilot 
Knob. Other parks have been developed at points along 
the lowa River. Elrod Sherwood Park, in the 
southeastern part of the county, is developed around a 
small manmade lake. The parks generally provide 
facilities for camping, fishing, and picnicking. 

Native oak and other trees are harvested on a very 
limited basis in the county. A decomposed peat is 
mined and processed for potting soi! and horticultural 
uses from a bog southwest of Garner. A few sand and 
gravel pits are mined in glacial outwash areas. The 
sand and gravel are used extensively as road-surfacing 
material and as concrete aggregate. 

Opportunities for hunting, fishing, and trapping are 
available throughout the county. Migratory waterfowl, 
deer, rabbit, squirrel, pheasant, and partridge are 
commonly hunted. Muskrat, raccoon, and mink are 
among the species commonly trapped. 


Farming 


In 1983, Hancock County had 332,200 acres of 
farmland (10). Of this land, 309,800 acres was used for 
row crops, small grain, or hay. The rest was used for 
permanent pasture, woods, lots, buildings, or roads or 
was idle land. Corn was planted on 102,000 acres. It 
yielded an average of 99.6 bushels per acre. Soybeans 
were planted on 127,000 acres and yielded an average 
of 36.7 bushels per acre. Oats were harvested on 4,300 
acres. The yield was 60.2 bushels per acre. About 
9,800 acres was used for hay of all types (10). 

Beef cattle and hogs are the most extensively raised 
livestock in the county. In 1984, about 12,400 grain-fed 
cattle and 301,000 hogs were sold. In the same year, 
28,200 sows were farrowed. Beef cows totaled 4,600 
and milk cows, 1,700. The county had a few sheep and 
lambs and 37,000 laying hens (70). 

In recent years, the number of people living on farms 
and the number of farms have declined. Farm size has 
increased. In 1984, the county had 1,150 farms, and the 
average size farm was 304 acres (9, 70). 

Most farms are cash-grain enterprises. Farmers 
derive most of their income from the sale of corn and 
soybeans. Many, however, derive a large part of their 
income from the sale of livestock, especially hogs and 
beef cattle. 

Dairying is a major enterprise on a few farms. The 
number of dairy farms has been decreasing in recent 


years, but the size of herds has increased. Some 
poultry is raised in the county. A recent trend has been 
toward fewer, but larger, poultry enterprises, mainly 
those that raise laying hens. Commercial broiler and 
turkey production is minimal. Sheep are raised on a few 
farms, but their numbers have declined in recent years. 
In 1984, the number of sheep was 3,500 head. 


Climate 


Prepared by the National Climatic Data Center, Asheville, North 
Carolina. 

Hancock County is cold in winter and is quite hot and 
has occasional cool spells in summer. Precipitation in 
winter frequently occurs as snowstorms, and during the 
warm months it is chiefly showers, often heavy, when 
warm moist air moves in from the south. Total annual 
rainfall is normally adequate for corn, soybeans, and 
small grains. 

Table 1 gives data on temperature and precipitation 
for the survey area as recorded at Britt in the period 
1951 to 1984. Table 2 shows probable dates of the first 
freeze in fall and the last freeze in spring. Table 3 
provides data on length of the growing season. 

In winter the average temperature is 19 degrees F, 
and the average daily minimum temperature is 9 
degrees. The lowest temperature on record, which 
occurred at Britton January 21, 1970, is -31 degrees. In 
summer the average temperature is 71 degrees, and 
the average daily maximum temperature is 83 degrees. 
The highest recorded temperature, which occurred on 
August 21, 1955, is 101 degrees. 

Growing degree days are shown in table 1. They are 
equivalent to “heat units.” During the month, growing 
degree days accumulate by the amount that the 
average temperature each day exceeds a base 
temperature (50 degrees F). The normal monthly 
accumulation is used to schedule single or successive 
plantings of a crop between the last freeze in spring 
and the first freeze in fall. 

The total annual precipitation is 31.65 inches. Of this, 
22 inches, or 70 percent, usually falls in April through 
September. The growing season for most crops falls 
within this period. In 2 years out of 10, the rainfall in 
April through September is less than 18 inches. The 
heaviest 1-day rainfall during the period of record was 
8.60 inches at Britt on June 18, 1954. Thunderstorms 
occur on about 43 days each year. 

The average seasonal snowfall is about 42 inches. 
The greatest snow depth at any one time during the 
period of record was 23 inches. On the average, 12 
days of the year have at least 1 inch of snow on the 
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ground. The number of such days varies greatly from 
year to year. 

The average relative humidity in midafternoon is 
about 60 percent. Humidity is higher at night, and the 
average at dawn is about 80 percent. The sun shines 
70 percent of the time possible in summer and 50 
percent in winter. The prevailing wind is from the 
northwest. Average windspeed is highest, 13 miles per 
hour, in spring. 

Tornadoes and severe thunderstorms strike 
occasionally. These storms are local and of short 
duration and result in sparse damage in narrow belts. 
Hailstorms occur at times during the warmer part of the 
year in irregular patterns and in relatively small areas. 


How This Survey Was Made 


This survey was made to provide information about 
the soils in the survey area. The information includes a 
description of the soils and their location and a 
discussion of the suitability, limitations, and 
management of the soils for specified uses. Soil 
scientists observed the steepness, length, and shape of 
slopes; the general pattern of drainage; the kinds of 
crops and native plants growing on the soils; and the 
kinds of bedrock. They dug many holes to study the soil 
profile, which is the sequence of natural layers, or 
horizons, in a soil. The profile extends from the surface 
down into the unconsolidated material in which the soil 
formed. The unconsolidated material is devoid of roots 
and other living organisms and has not been changed 
by other biologic activity. 

The soils in the survey area occur in an orderly 
pattern that is related to the geology, the landforms, 
relief, climate, and the natural vegetation of the area. 
Each kind of soil is associated with a particular kind of 
landscape or with a segment of the landscape. By 
observing the soils in the survey area and relating their 
position to specific segments of the landscape, a soil 
scientist develops a concept, or model, of how the soils 
were formed. Thus, during mapping, this model enables 
the soil scientist to predict with considerable accuracy 
the kind of soil at a specific location on the landscape. 

Commonly, individual soils on the landscape merge 
into one another as their characteristics gradually 
change. To construct an accurate soil map, however, 
soil scientists must determine the boundaries between 
the soils. They can observe only a limited number of 
soil profiles. Nevertheless, these observations, 
supplemented by an understanding of the soil- 
landscape relationship, are sufficient to verify 
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predictions of the kinds of soil in an area and to 
determine the boundaries. 

Soil scientists recorded the characteristics of the soil 
profiles that they studied. They noted soil color, texture, 
size and shape of soil aggregates, kind and amount of 
rock fragments, distribution of plant roots, soil reaction, 
and other features that enable them to identify soils. 
After describing the soils in the survey area and 
determining their properties, the soil scientists assigned 
the soils to taxonomic classes (units). Taxonomic 
classes are concepts. Each taxonomic class has a set 
of soil characteristics with precisely defined limits. The 
classes are used as a basis for comparison to classify 
soils systematically. The system of taxonomic 
classification used in the United States is based mainly 
on the kind and character of soil properties and the 
arrangement of horizons within the profile. After the soil 
scientists classified and named the soils in the survey 
area, they compared the individual soils with similar 
soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data 
based on experience and research. 

While a soil survey is in progress, samples of some 
of the soils in the area generally are collected for 
laboratory analyses and for engineering tests. Soil 
scientists interpreted the data from these analyses and 
tests as well as the field-observed characteristics and 
the soil properties in terms of expected behavior of the 
soils under different uses. Interpretations for all of the 
soils were field tested through observation of the soils 
in different uses under different levels of management. 
Some interpretations are modified to fit local conditions, 
and new interpretations sometimes are developed to 
meet local needs. Data were assembled from other 
sources, such as research information, production 
records, and field experience of specialists. For 
example, data on crop yields under defined levels of 
management were assembled from farm records and 
from field or plot experiments on the same kinds of soil. 

Predictions about soil behavior are based not only on 
soil properties but also on such variables as climate 
and biological activity. Soil conditions are predictable 
over long periods of time, but they are not predictable 
from year to year. For example, soil scientists can state 
with a fairly high degree of probability that a given soil 
will have a high water table within certain depths in 
most years, but they cannot assure that a high water 
table will always be at a specific level in the soil ona 
specific date. 

After soil scientists located and identified the 


significant natural bodies of soil in the survey area, they 
drew the boundaries of these bodies on aerial 
photographs and identified each as a specific map unit. 
Aerial photographs show trees, buildings, fields, roads, 
and rivers, all of which help in locating boundaries 
accurately. 


Map Unit Composition 


A map unit delineation on a soil map represents an 
area dominated by one major kind of soil or an area 
dominated by several kinds of soil. A map unit is 
identified and named according to the taxonomic 
classification of the dominant soil or soils. Within a 
taxonomic class there are precisely defined limits for 
the properties of the soils. On the landscape, however, 
the soils are natural objects. In common with other 
natural objects, they have a characteristic variability in 
their properties. Thus, the range of some observed 
properties may extend beyond the limits defined for a 
taxonomic class. Areas of soils of a single taxonomic 
class rarely, if ever, can be mapped without including 
areas of soils of other taxonomic classes. 
Consequently, every map unit is made up of the soil or 
soils for which it is named and some soils that belong to 
other taxonomic classes. These latter soils are called 
inclusions or included soils. 

Most inclusions have properties and behavioral 
patterns similar to those of the dominant soil or soils in 
the map unit, and thus they do not affect use and 
management. These are called noncontrasting (similar) 
inclusions. They may or may not be mentioned in the 
map unit descriptions. Other inclusions, however, have 
properties and behavior divergent enough to affect use 
or require different management. These are contrasting 
(dissimilar) inclusions. They generally occupy small 
areas and cannot be shown separately on the soil maps 
because of the scale used in mapping. The inclusions 
of contrasting soils are mentioned in the map unit 
descriptions. A few inclusions may not have been 
observed and consequently are not mentioned in the 
descriptions, especially where the soil pattern was so 
complex that it was impractical to make enough 
observations to identify all of the kinds of soil on the 
landscape. 

The presence of inclusions in a map unit in no way 
diminishes the usefulness or accuracy of the soil data. 
The objective of soil mapping is not to delineate pure 
taxonomic classes of soils but rather to separate the 
landscape into segments that have similar use and 


management requirements. The delineation of such onsite investigation is needed to plan for intensive uses 
landscape segments on the map provides sufficient in small areas. 
information for the development of resource plans, but 


General Soil Map Units 


The general soil map at the back of this publication 
shows the soil associations in this survey area. Each 
association has a distinctive pattern of soils, relief, and 
drainage. Each is a unique natural landscape. Typically, 
an association consists of one or more major soils and 
some minor soils. lt is named for the major soils. The 
soils making up one association can occur in another 
but in a different pattern. 

The general soil map can be used to compare the 
suitability of large areas for general land uses. Areas of 
suitable soils can be identified on the map. Likewise, 
areas where the soils are not suitable can be identified. 

Because of its smal! scale, the map is not suitable for 
planning the management of a farm or field or for 
selecting a site for a road or building or other structure. 
The soils in any one association differ from place to 
place in slope, depth, drainage, and other 
characteristics that affect management. 


Soil Descriptions 
1. Lester-Kilkenny-Webster Association 


Nearly level to steep, well drained and poorly drained, 
loamy soils that formed in glacial till, in lacustrine 
sediments and the underlying glacial till, and in glacial till 
or reworked till; on uplands 


This association consists of soils on rolling to steep 
knobs and side slopes that have nearly level to 
moderately sloping ridgetops and that are dissected by 
upland drainageways. Numerous large depressions also 
are throughout the landscape. Steep knobs and side 
slopes are dotted with native oaks. Slopes range from 0 
to 25 percent. 

This association makes up about 3 percent of the 
county. It is about 37 percent Lester soils, 16 percent 
Kilkenny soils, 11 percent Webster soils, and 36 
percent soils of minor extent (fig. 2). 

The well drained Lester soils are on gently sloping 
and moderately sloping, convex knobs and ridgetops 
and strongly sloping to steep side slopes. The well 


drained Kilkenny soils are on gently sloping and 
moderately sloping, convex knobs and ridgetops and 
strongly sloping to moderately steep side slopes. Most 
of the steep areas remain in native hardwoods or are in 
permanent pasture. The poorly drained Webster soils 
are mostly in nearly level swales between the knobs 
and ridges. 

Typically, in cultivated areas, the surface layer of the 
Lester soils is very dark grayish brown, friable loam 
about 7 inches thick. Plowing has mixed streaks and 
pockets of brown subsoil material into the surface layer. 
The subsoil is friable and about 31 inches thick. The 
upper part is brown clay loam, the next part is dark 
yellowish brown clay loam, and the lower part is dark 
yellowish brown loam. The substratum to a depth of 
about 60 inches is light olive brown, mottled, calcareous 
sandy loam. 

Typically, in cultivated areas, the surface layer of the 
Kilkenny soils is very dark gray, friable clay loam about 
7 inches thick. Plowing has mixed streaks and pockets 
of brown subsoil material into the surface layer. The 
subsoil is firm and about 35 inches thick. The upper 
part is brown clay; the next part is olive brown clay and 
light olive brown, mottled clay; and the lower part is 
light olive brown, mottled clay loam. The substratum to 
a depth of about 60 inches is mottled grayish brown 
and light olive brown, calcareous clay loam in the upper 
part and mottled grayish brown and light olive brown, 
calcareous loam in the lower part. 

Typically, the surface layer of the Webster soils is 
black, friable clay loam about 9 inches thick. The 
subsurface layer is friable clay loam about 12 inches 
thick. The upper part is black, and the lower part is 
black with mottles. The subsoil is friable and about 21 
inches thick. The upper part is dark gray and olive gray, 
mottled clay loam; the next part is olive gray, mottled 
clay loam; and the lower part is olive gray, mottled, 
calcareous loam. The substratum to a depth of about 60 
inches is olive gray, mottled, calcareous loam. 

The minor soils in this association are the 
Collinwood, Houghton, Nicollet, Okoboji, Storden, and 
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Figure 2.—Typical pattern of soils and parent material in the Lester-Kilkenny-Webster association. 


Waldorf soils. The somewhat poorly drained Collinwood 
soils formed in thick lacustrine sediments and are on 
low rises on ridgetops and concave side slopes. The 
very poorly drained Houghton soils formed in thick 
organic deposits in large depressions. The somewhat 
poorly drained Nicollet soils formed in glacial till and are 
on very gently sloping, slightly convex to concave 
slopes. The very poorly drained Okoboji soils formed in 
sediments derived from glacial till, have a thick, dark 
colored surface layer, and are in depressions. The well 
drained, calcareous Storden soils are on the steepest 
part of the slope adjacent to the Lester and Kilkenny 
Soils. The poorly drained Waldorf soils formed in clayey, 
lacustrine sediments and are in concave swales 
between the Lester and Kilkenny soils. 

This association is used mainly for general farming. It 
ranges from well suited to unsuited for cultivated crops. 
Suitability for cultivated crops is dependent mainly on 
the degree of slope. The nearly level soils, except for 


the Houghton and Okoboji soils, and the gently sloping 
Soils are only moderately suited to cultivated crops. The 
rest of the soils are moderately suited to unsuited to 
cultivated crops, depending on the degree of slope. 
Those areas that are too steep for crops are used as 
hayland or pasture or are left in trees. Corn and 
soybeans are the main crops, but oats and hay and 
pasture crops are frequently grown. Most of the Lester 
and Kilkenny soils on steep slopes remain in trees, 
mainly oak. The Lester and Kilkenny soils are moderate 
in content of organic matter. The available water 
capacity is high in most of the soils, but it is very high in 
Houghton soils. However, this capacity may not be 
reached on the more sloping soils because of rapid 
runoff. 

The main management needs are water erosion 
control, drainage improvement, and maintenance of 
tilth. Water erosion is a serious hazard in this 
association. Steep, complex slopes, low organic matter 
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content, and reduced infiltration because of the finer 
textured Kilkenny soils increase the rate of runoff. As a 
result, immediate control of water erosion to prevent 
lasting damage is a greater need on these soils than on 
soils in other associations. Additional water erosion 
control practices are needed to slow runoff and allow 
increased infiltration. These include terracing, 
contouring, constructing grassed waterways, and 
applying a system of conservation tillage that leaves 
crop residue on the surface. All these practices are 
suitable to use in this association, but in places 
terracing and contouring are difficult because of short, 
complex slopes. Also, some slopes are too steep for 
these practices. Maintaining tilth is a problem, 
especially on the finer textured Kilkenny soils if they are 
tilled when wet. Drainage is adequate in most places in 
this area, although in Houghton soils maintaining and 
improving drainage and finding suitable tile outlets are 
problems. Potential is good for improving wildlife habitat 
for both upland and wetland species in this association. 


2. Canisteo-Webster-Nicollet Association 


Nearly level and very gently sloping, poorly drained and 
somewhat poorly drained, loamy soils that formed in 
glacial till or reworked till; on uplands 


This association consists of soils on convex slopes 
and nearly level to slightly concave slopes. The 
landscape is nearly level to gently undulating. Slopes 
range from 0 to 3 percent. 

This association makes up about 16 percent of the 
county. It is about 30 percent Canisteo soils, 25 percent 
Webster soils, 23 percent Nicollet soils, and 22 percent 
soils of minor extent. 

The poorly drained Canisteo and Webster soils are in 
nearly level areas and swales on uplands. The Canisteo 
soils are calcareous, and the Webster soils are in 
slightly higher positions than the Canisteo soils. The 
Nicollet soils are somewhat poorly drained and are on 
very gently sloping rises and concave side slopes on 
uplands. 

Typically, the surface layer of the Canisteo soils is 
black, friable, calcareous clay loam about 8 inches 
thick. The subsurface layer is friable, calcareous clay 
loam about 13 inches thick. The upper part is black, 
and the lower part is very dark gray and has mottles. 
The subsoil is friable and calcareous and is about 22 
inches thick. The upper part is dark gray mottled clay 
loam; the next part is olive gray, mottled clay loam; and 
the lower part is olive gray, mottled loam. The 
substratum to a depth of about 60 inches is olive gray, 
mottled, calcareous loam. 


Typically, the surface layer of the Webster soils is 
black, friable clay loam about 9 inches thick. The 
subsurface layer is friable clay loam about 12 inches 
thick. The upper part is black, and the lower part is 
black and has mottles. The subsoil is friable and about 
21 inches thick. The upper part is olive gray and dark 
gray, mottled clay loam; the next part is olive gray, 
mottled clay loam; and the lower part is olive gray, 
mottled, calcareous loam. The substratum to a depth of 
about 60 inches is olive gray, mottled, calcareous loam. 

Typically, the surface layer of the Nicollet soils is 
black, friable loam about 9 inches thick. The subsurface 
layer is friable clay loam about 11 inches thick. The 
upper part is black, and the lower part is very dark 
grayish brown. The subsoil is friable and about 21 
inches thick. The upper part is dark grayish brown and 
olive brown clay loam; the next part is dark grayish 
brown, mottled loam; and the lower part is dark grayish 
brown and grayish brown, mottled, calcareous loam. 
The substratum to a depth of about 60 inches is 
mottled, light olive brown and grayish brown, calcareous 
foam. 

The minor soils in this association are the Clarion, 
Harps, and Okoboji soils. Clarion soils are well drained 
and are on convex knolls, ridges, and side slopes on 
uplands. The poorly drained Harps soils are highly 
calcareous and are on rims surrounding depressional 
areas. The very poorly drained Okoboji soils formed in 
sediments derived from glacial till, have a thick, dark 
surface layer, and are in depressional areas. 

This association is well suited to cultivated crops, 
and most of the acreage is used as cropland. Corn and 
soybeans are the main crops. Some oats and crops for 
rotation hay and as pasture, including alfalfa and alfalfa- 
grass mixtures, are also grown. Organic matter content 
and available water capacity are high. Crops respond 
well to fertilization. 

The main concerns of management are drainage, soil 
blowing, water erosion, and maintaining fertility. Water 
erosion is a hazard in a few areas of the minor Clarion 
soils. Flooding and ponding are common on some of 
the minor soils in late winter and early spring and 
following heavy rains. On the Harps soils, low fertility 
and herbicide carry-over from year to year are 
management concerns. Most areas are tile drained, but 
in places additional tile is needed. In areas where large 
tracts are fall plowed and the surface is left bare, soil 
blowing is a management concern. 


3. Canisteo-Nicollet-Clarion Association 


Nearly level to strongly sloping, poorly drained, 
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Figure 3.—Typical pattern of soils and parent material in the Canisteo-Nicollet-Clarlon association. 


somewhat poorly drained, and well drained, loamy soils 
that formed in glacial till or reworked till; on uplands 


This association consists of soils on convex knolls 
and ridges and on slightly convex to nearly level and 
slightly concave slopes. The landscape is nearly level to 
rolling. Slopes range from 0 to 14 percent. 

This association makes up about 54 percent of the 
county. It is about 30 percent Canisteo soils, 20 percent 
Nicollet soils, 16 percent Clarion soils, and 34 percent 
soils of minor extent (fig. 3). 

The poorly drained, nearly level Canisteo soils are on 
upland flats and swales. The somewhat poorly drained, 
very gently sloping Nicollet soils are on low rises and 
concave side slopes on uplands. The well drained, 
gently sloping to strongly sloping Clarion soils are on 
convex knolls, ridges, and side slopes on uplands. 

Typically, the surface layer of the Canisteo soils is 
black, friable, calcareous clay loam about 8 inches 
thick. The subsurface layer is friable, calcareous clay 
loam about 13 inches thick. The upper part is black, 


and the lower part is very dark gray and has mottles. 
The subsoil is friable and calcareous, and is about 22 
inches thick. The upper part is dark gray, mottled clay 
loam; the next part is olive gray, mottled clay loam; and 
the lower part is olive gray, mottled loam. The 
substratum to a depth of about 60 inches is olive gray, 
mottled, calcareous loam. 

Typically, the surface layer of the Nicollet soils is 
black, friable loam about 9 inches thick. The subsurface 
layer is friable clay loam about 11 inches thick. The 
upper part is black, and the lower part is very dark 
grayish brown. The subsoil is friable and about 21 
inches thick, The upper part is dark grayish brown, and 
olive brown clay loam; the next part is dark grayish 
brown, mottled loam; and the lower part is dark grayish 
brown and grayish brown, mottled, calcareous loam. 
The substratum to a depth of about 60 inches is 
mottled, light olive brown and grayish brown, calcareous 
loam. 

Typically, the surface layer of the Clarion soils is 
black, friable loam about 8 inches thick. The subsurface 
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layer is friable loam about 13 inches thick. The upper 
part is very dark brown and the lower part is very dark 
grayish brown. The subsoil is friable loam about 24 
inches thick. The upper part is brown and dark 
yellowish brown, and the lower part is dark yellowish 
brown and yellowish brown. The substratum to a depth 
of about 60 inches is yellowish brown, calcareous loam. 

The minor soils in this association are the Crippin, 
Harps, Okoboji, Sunburg, and Webster soils. The 
somewhat poorly drained Crippin soils are calcareous 
throughout and are on low rises within large areas of 
the Canisteo soils. The poorly drained Harps soils are 
highly calcareous and are on rims surrounding 
depressional areas. The very poorly drained Okoboji 
soils formed in sediments derived from glacial till, have 
a thick dark surface soil, and are in depressional areas. 
Sunburg soils are calcareous throughout and typically 
are upslope or adjacent to the Clarion soils on the more 
convex parts of slopes. Webster soils do not have free 
carbonates in the solum and are on upland flats and 
swales. 

This association is well suited to crops, and most of 
the acreage is used as cropland. Corn and soybeans 
are the main crops. Some oats and crops for rotation 
hay and pasture, including alfalfa and alfalfa-grass 
mixtures, are also grown. Organic matter content is 
moderate or high, and available water capacity is high. 
Crops respond well to fertilization. 

The more sloping soils of this association need 
protection from water erosion. In places contour tillage 
and terracing are somewhat difficult because of the 
irregular pattern of slopes. In areas where large tracts 
are fall plowed and the surface is left bare, soil blowing 
is a hazard. The nearly level, poorly drained soils and 
the very poorly drained soils in depressions generally 
are tile drained to provide best crop production. 
Maintaining fertility and tilth are other important 
management concerns in this association. On the Harps 
and Sunburg soils, low fertility and herbicide carry-over 
are management concerns. 


4. Fieldon-Harcot-Ridgeport Association 


Nearly level to gently sloping, poorly drained and 
somewhat excessively drained, loamy soils that formed 
in loamy sediments that overlie sand or sand and gravel; 
on outwash plains and stream terraces 


This association consists of soils that are nearly level 
to undulating. Slopes range from 0 to 5 percent. 

This association makes up about 10 percent of the 
county. It is about 22 percent Fieldon and similar soils, 
18 percent Harcot and similar soils, 15 percent 
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Ridgeport and similar soils, and 45 percent soils of 
minor extent (fig. 4). 

The poorly drained, nearly level Fieldon soils are in 
broad, flat areas. The poorly drained, nearly level 
Harcot soils are on the rims of depressions. The 
somewhat excessively drained, nearly level and gently 
sloping Ridgeport soils are on slightly convex slopes. In 
places they are the highest soils on the landscape. 

Typically, the surface layer of the Fieldon soils is 
black, friable, calcareous loam about 7 inches thick. 
The subsurtace layer is friable, calcareous sandy clay 
loam about 14 inches thick. The upper part is black, 
and the lower part is very dark gray. The subsoil is very 
friable, calcareous fine sandy loam that has mottles. It 
is about 15 inches thick. The upper part is olive gray, 
and the lower part is olive gray and pale olive. The 
substratum to a depth of about 60 inches is mottled, 
olive gray and light olive brown, calcareous loamy fine 
sand. 

Typically, the surface layer of the Harcot soils is 
black, friable, calcareous clay loam about 9 inches 
thick. The subsurface layer is friable and calcareous, 
and is about 11 inches thick. The upper part is black 
loam, and the lower part is very dark gray sandy loam. 
The subsoil is olive gray, mottled, very friable, 
calcareous sandy loam about 12 inches thick. The 
substratum to a depth of about 60 inches is olive gray 
and olive, calcareous fine sand. 

Typically, the surface layer of the Ridgeport soils is 
black, very friable sandy loam about 10 inches thick. 
The subsurface layer is very dark gray, very friable 
sandy loam about 9 inches thick. The subsoil is brown 
and dark yellowish brown, very friable sandy loam about 
10 inches thick. The substratum to a depth of about 60 
inches is dark yellowish brown, calcareous, gravelly 
loamy sand. 

The minor soils in this association are the Biscay, 
Fostoria, Linder, Okoboji, and Palms soils. The poorly 
drained Biscay soils are not calcareous in the solum 
and are nearly level in outwash areas. The somewhat 
poorly drained Fostoria soils formed in glacial lacustrine 
sediments or glacial drift and are on slight rises that 
have a silty substratum. The somewhat poorly drained 
Linder soils are on slight rises that formed in loamy 
alluvium. The very poorly drained Okoboji soils have a 
deep, dark, surface soil. The very poorly drained Palms 
soils formed in organic deposits. Okoboji and Palms 
soils are in depressions. 

This association is used mainly for cultivated crops. It 
ranges from well suited to moderately suited for row 
crops. Corn and soybeans are the main crops. Some 
oats and crops for rotation hay and pasture, including 
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Figure 4.—Typical pattern of soils and parent material in the Fieldon-Harcot-Ridgeport association. 


alfalfa and alfalfa-grass mixtures, are also grown. 
Organic matter content is moderate or high, and 
available water capacity is moderate. 

The main concerns of management are droughtiness, 
drainage, water erosion, soil blowing, and maintaining 
tilth and fertility. Some areas tend to be droughty, 
especially in years when rainfall is below average or 
when rains are not timely. A system of conservation 
tillage that leaves most of the crop residue on or mixed 
in the sail surface is effective in reducing erosion, 
conserving soil moisture, and maintaining tilth. Most 
areas are drained, but in some places additional 
drainage is needed. Ponding is common on some soils 
during periods of heavy rain, especially in early spring. 
Low fertility and herbicide sensitivity and carry-over are 
management concerns on the Harcot soils. 


5. Truman-Estherville-Webster Association 


Nearly level to strongly sloping, well drained, somewhat 
excessively drained, and poorly drained, silty and loamy 
soils that formed in reworked glacial till and the 


underlying glacial outwash, in glacial outwash, and in 
glacial till or reworked till; on uplands, outwash plains, 
and stream terraces 


This association consists of soils on nearly level to 
gently undulating slopes and on interwoven, concave 
drainageways. In a few places the landscape relief is 
interrupted by nearly level to undulating ridgetops. The 
ridgetops have gently rolling or rolling side slopes and 
are adjacent to large upland depressions containing 
organic deposits. In places depth to sandy material is 
quite variable within short distances. Slopes range from 
0 to 14 percent. 

This association makes up about 3 percent of the 
county. It is about 32 percent Truman and similar soils, 
15 percent Estherville soils, 13 percent Webster and 
similar soils, and 40 percent soils of minor extent (fig. 
5). 

The vvell drained Truman soils are on nearly level or 
gently sloping, convex slopes. The somewhat 
excessively drained Estherville soils are on nearly level 
to strongly sloping, convex side slopes and knolls. The 
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Figure 5.— Typical pattern ot soils and parent material in the Truman-Estherville-Webster association. 


poorly drained Webster soils are on nearly level slopes 
and in concave drainageways. 

Typically, the surface layer of the Truman soils is 
black, friable silty clay loam about 9 inches thick. The 
subsurface layer is friable silty clay loam about 13 
inches thick. The upper part is black, and the lower part 
is very dark gray and very dark grayish brown. The 
subsoil is friable and about 28 inches thick. The upper 
part is brown silty clay loam; the next part is dark 
yellowish brown, mottled silty clay loam; and the lower 
part is dark yellowish brown, mottled loam. The 
substratum to a depth of about 60 inches is brown and 
dark yellowish brown, mottled fine sandy loam. 

Typically, the surface layer of the Estherville soils is 
very dark gray, friable loam about 9 inches thick. The 
subsurface layer is very dark grayish brown, friable 
loam about 5 inches thick. The subsoil is about 12 
inches thick. The upper part is brown, friable sandy 
loam, and the lower part is dark yellowish brown, very 
friable loamy sand. The substratum to a depth of about 
60 inches is brown, calcareous sand. 


Typically, the surface layer of the Webster soils is 
black, friable clay loam about 9 inches thick. The 
subsurface layer is friable clay loam about 12 inches 
thick. The upper part is black, and the lower part is 
black and has mottles. The subsoil is friable and about 
21 inches thick. The upper part is olive gray and dark 
gray, mottled clay; the next part is olive gray, mottled 
clay loam; and the lower part is olive gray, mottled, 
calcareous loam. The substratum to a depth of about 60 
inches is olive gray, mottled, calcareous loam. 

The minor soils in this association are the Biscay, 
Houghton, Mayer, and Palms soils. The calcareous 
Mayer soils formed in glacial outwash in nearly level 
positions. The very poorly drained Houghton and Palms 
soils are in large depressions and formed in thick or 
moderately thick organic deposits. 

This association is used mainly for cultivated crops. It 
ranges from well suited to poorly suited for cultivated 
crops. Corn and soybeans are the main crops. Some of 
the steeper areas are better suited to small grains and 
to grasses and legumes for hay or pasture. Organic 
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matter content and available water capacity range from 
high to low. 

The main concerns of management in this 
association are droughtiness, water erosion control, and 
drainage. Some areas tend to be droughty, especially in 
years when rainfal! is below average or when rains are 
untimely. Water erosion is a severe hazard in the 
steeper areas in the association. Soil blowing is a 
common hazard because of the rapid drying of the 
surface soil after tillage. Blowing sand may sometimes 
damage young plants. A system of conservation tillage 
that leaves crop residue on the surface helps to control 
water erosion and soil blowing, and conserves moisture 
for crop use. Drainage improvement is needed in major 
soils and in some areas of minor soils. Existing tile lines 
do not have the capacity needed during periods of high 
rainfall. Suitable outlets are not always available on 
Houghton and Palms soils. In places, the substratum of 
some poorly drained soils contains a high amount of 
fine sand, which becomes unstable during periods of 
high rainfall. In larger field tile, this instability may cause 
"back-fall." This instability may allow larger field tile to 
move out of position, which reduces the capacity of the 
tile line to carry water. 


6. Ridgeport-Coland-Truman Association 


Nearly level to gently sloping, somewhat excessively 
drained, poorly drained, and well drained, loamy and silty 
soils that formed in loamy sediments and the underlying 
sand and gravel, in alluvium, and in reworked glacial till 
and the underlying glacial outwash; on outwash plains, 
bottom land, and stream terraces 


This association consists of soils on bottom land, in 
broad outwash areas, and on broad stream terraces. In 
some areas the bottom land soils are covered with 
grasses or marsh-type vegetation. In places are a few 
scattered trees. Many areas are cut by meandering 
channels and oxbows. Slopes range from 0 to 5 
percent. 

This association makes up about 3 percent of the 
county. It is about 27 percent Ridgeport and similar 
Soils, 18 percent Coland soils, 17 percent Truman soils, 
and 38 percent soils of minor extent. 

The somewhat excessively drained Ridgeport soils 
are on nearly level, gently sloping rises on stream 
terraces and outwash plains. The poorly drained Coland 
Soils are in nearly level positions on bottom land. The 
well drained Truman soils are on nearly level, gently 
sloping rises on stream terraces. 

Typically, the surface layer of the Ridgeport soils is 
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black, very friable sandy loam about 9 inches thick. The 
subsurface layer is very dark gray, very friable sandy 
loam about 10 inches thick. The subsoil is brown and 
dark yellowish brown, very friable sandy loam about 12 
inches thick. The substratum to a depth of about 60 
inches is dark yellowish brown, calcareous, gravelly 
loamy sand. 

Typically, the surface layer of the Coland soils is 
black, friable clay loam about 8 inches thick. The 
subsurface layer is black, friable clay loam about 37 
inches thick. The substratum to a depth of about 60 
inches is black clay loam. 

Typically, the surface layer of the Truman soils is 
black, friable silty clay loam about 9 inches thick. The 
subsurface layer is friable silty clay loam about 13 
inches thick. The upper part is black, and the lower part 
is very dark gray and very dark grayish brown. The 
subsoil is friable and about 28 inches thick. The upper 
part is brown silty clay loam; the next part is dark 
yellowish brown, mottled silty clay loam; and the lower 
part is dark yellowish brown, mottled loam. The 
substratum to a depth of about 60 inches is brown and 
dark yellowish brown, mottled fine sandy loam. 

The minor soils in this association are the Biscay, 
Calco, Linder, and Mayer soils. The poorly drained 
Biscay soils contain sand and gravel in the substratum 
and are on nearly level stream terraces and in outwash 
areas. The calcareous Calco soils have a thick, dark 
surface soil and are on bottom land. The somewhat 
poorly drained Linder soils are on slightly convex rises 
in outwash areas and on stream terraces. The poorly 
drained, calcareous Mayer soils contain sand and 
gravel in the substratum and are in nearly level outwash 
areas and stream terraces. 

Most areas of this association are used for cultivated 
crops, hay, and pasture, but a few areas are used as 
permanent pasture, wasteland, or wildlife habitat. Most 
of the soils in outwash areas are used for corn, 
soybeans, oats, hay, and rotation pasture. About half of 
the areas of Coland soils are used for cultivated crops, 
but the rest are used as pasture. In places the Coland 
soils are cut by meandering channels, are subject to 
frequent flooding, and remain flooded long enough for 
crop production to be impossible. Some areas that are 
low lying and wet are managed as wildlife habitat. 
Coland and Calco soils formed in alluvium, have a high 
content of organic matter, and are high in available 
water holding capacity. In outwash areas and on stream 
terraces, the soils mostly have low to moderate content 
of organic matter and generally are low or moderate in 
available water capacity. Crop growth and yields are 
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variable, but in most years they are only moderate or, at 
best. moderately high because of droughtiness of the 
soils. 

On Coland sails flooding is a management concern. 
On Ridgeport soils water erosion, soil blowing, and 
droughtiness are management problems. At present, 
management alternatives are few on the Coland soils. 
On the Ridgeport soils, a system of conservation tillage 
that leaves crop residue on or mixed on the surface 
helps to control soil blowing and water erosion and 
helps to conserve available water. 


7. Bode-Collinwood-Waldorf Association 


Nearly level to strongly sloping, well drained, somewhat 
poorly drained, and poorly drained, loamy, silty, and 
clayey soils that formed in glacial or lacustrine sediments 
and the underlying glacial till and in lacustrine sediments; 
on uplands 


This association consists of soils on nearly level, 
high, almost circular ridgetops or hummocks with 
moderately sioping and strongly sloping side slopes. 
Concave swales and upland drainageways wind 
between the hummocks. In nearly level, high areas the 
soils formed in lacustrine sediments. On side slopes the 
soils formed dominantly in glacial sediments overlying 
glacial till. In the concave areas the soils formed in 
lacustrine sediments, glacial sediments, or the 
underlying glacial till. Slopes range from 0 to 18 
percent. 

This association makes up about 8 percent of the 
county. It is about 32 percent Bode and similar soils, 22 
percent Collinwood and similar soils, 15 percent 
Waldorf and similar soils, and 31 percent soils of minor 
extent (fig. 6). 

The well drained Bode soils are on gently sloping to 
moderately steep, convex side slopes and knolls on 
uplands. The somewhat poorly drained Collinwood soils 
are on low rises on ridgetops and concave side slopes 
on uplands. The poorly drained Waldorf soils are in 
nearly level swales and flats on uplands. 

Typically, the surface layer of the Bode soils is black, 
friable clay loam about 9 inches thick. The subsurface 
layer is friable clay loam about 9 inches thick. The 
upper part is very dark gray, and the lower part is very 
dark grayish brown. The subsoil is friable clay loam 
about 22 inches thick. The upper part is brown, and the 
lower part is dark yellowish brown and calcareous. The 
substratum to a depth of about 60 inches is light olive 
brown, mottled, calcareous clay loam. 

Typically, the surface layer of the Collinwood soils is 
black, firm silty clay loam about 8 inches thick. The 
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subsurface layer is black, firm silty clay about 9 inches 
thick. The subsoil is firm silty clay about 19 inches thick. 
The upper part is dark grayish brown, the next layer is 
dark grayish brown and mottled, and the lower part is 
grayish brown and mottled. The substratum to a depth 
of about 60 inches is grayish brown, mottled, 
calcareous silty clay loam. 

Typically, the surface layer of the Waldorf soils is 
black, firm silty clay about 8 inches thick. The 
subsurface layer is firm silty clay about 13 inches thick. 
The upper part is black, and the lower part is very dark 
gray and mottled. The subsoil is olive gray, mottled, firm 
silty clay about 16 inches thick. The substratum to a 
depth of about 60 inches is olive gray, mottled, 
calcareous silty clay loam. 

The minor soils in this association are the Canisteo, 
Harps, Nicollet, Okoboji, and Storden soils. The poorly 
drained, calcareous Canisteo soils formed in glacial till 
or sediments and are on upland flats and swales. The 
poorly drained Harps soils are highly calcareous and 
are on rims surrounding depressions. The somewhat 
poorly drained Nicollet soils are on low rises and slightly 
concave side slopes on uplands. The very poorly 
drained Okoboji soils are in slightly depressional areas 
and are very near Waldorf and Canisteo soils. The well 
drained, calcareous Storden soils are on the most 
convex parts of slopes, generally adjacent to Bode 
soils. 

This association is used mainly for general farming. 
The soils range from well suited to poorly suited for 
cultivated crops. They are nearly level to gently sloping 
and generally are well suited to cultivated crops. The 
rest of the soils are moderately suited or poorly suited, 
depending on steepness of slope. In a few areas, 
slopes are too steep for cropping and are generally 
used as pasture. Corn and soybeans are the main 
crops. Oats and crops for hay and pasture are 
frequently grown on a significant acreage. Organic 
matter content is high in the major soils and most minor 
soils. Available water capacity is high, but this capacity 
may not be reached in some years on the more sloping 
soils because of runoff. 

Management needs mainly are erosion control, 
maintenance of tilth, and, in some areas, drainage 
improvement. Additional fertility management is a 
concern in areas of Storden soils. Wind erosion and 
especially water erosion are serious hazards. Steep 
slopes and reduced infiltration because of the fine 
textured soils cause a greater rate of runoff than on 
soils in some other associations. Erosion control 
practices, such as terracing, contouring, and applying a 
system of conservation tillage that leaves crop residue 
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Figure 6.—Typical pattern of soils and parent material in the Bode-Collinwood-Waldorf association. 


on the surface, are needed to reduce runoff and to 
increase the infiltration rate. These practices are 
suitable on these soils, but in places contouring and 
terracing are difficult because of a complex pattern of 
slopes. These soils are slower to dry and more difficult 
to till than other soils because of the higher clay 
content. Conservation tillage and terrace channels that 
retard waterflow tend to further delay drying, which puts 
additional stress on management, especially timely 
seedbed preparation and planting. 

Maintenance of tilth is a problem. These soils need 
to be tilled at the best moisture content. If worked when 
too wet, they dry out cloddy and hard; when tilled too 
dry, they are hard and difficult to work. Areas of poorly 
drained soils within the association generally have been 
drained, but tile drains work more slowly and closer 
spacing is required because of the high clay content of 
these soils. 


8. Bode-Kossuth-Ottosen Association 


Nearly level to moderately sloping, well drained, poorly 
drained, and somewhat poorly drained, silty and loamy 
soils that formed in glacial or lacustrine sediments and 
the underlying glacial till; on uplands 


This association consists of broad, nearly level areas 
that have many slight convex rises. Relief on this 
association generally is less than 10 feet, but along the 
fringes, where it is gently rolling, it ranges from 15 to 20 
feet. The landscape generally does not have 
depressions. Most parts of this association do not have 
a natural drainage pattern but are extensively drained 
by underground drainage systems. Drainage ditches 
and streams provide outlets for most of these drains. 
Slopes range from 0 to 9 percent. 

This association makes up about 3 percent of the 
county. It is about 23 percent Bode soils, 19 percent 


Hancock County, lowa 


Kossuth soils, 19 percent Ottosen soils, and 39 percent 
soils of minor extent. 

The well drained Bode soils are on gently sloping 
and moderately sloping, convex ridges or knobs and 
side slopes. The poorly drained Kossuth soils are in 
swales and nearly level positions. The somewhat poorly 
drained Ottosen soils are in very gently sloping, convex 
and concave positions. The Kossuth and Ottosen soils 
are in lower landscape positions than Bode soils. 

Typically, the surface layer of the Bode soils is black, 
friable clay loam about 9 inches thick. The subsurface 
layer is friable clay loam about 9 inches thick. The 
upper part is very dark gray, and the lower part is very 
dark grayish brown. The subsoil is friable clay loam 
about 22 inches thick. The upper part is brown, and the 
lower part is yellowish brown and calcareous. The 
substratum to a depth of about 60 inches is light olive 
brown, mottled, calcareous clay loam. 

Typically, the surface layer of the Kossuth soils is 
black, firm silty clay loam about 7 inches thick. The 
subsurface layer is firm silty clay foam about 13 inches 
thick. The upper part is black, and the lower part is very 
dark gray and mottled. The subsoil is about 19 inches 
thick. The upper part is olive gray, mottled, firm silty 
clay loam; and the lower part is olive gray, mottled, 
friable, calcareous loam. The substratum to a depth of 
about 60 inches is olive gray, mottled, calcareous loam. 

Typically, the surface layer of the Ottosen soils is 
black, friable clay loam about 8 inches thick. The 
subsurface layer is friable and about 11 inches thick. 
The upper part is black clay loam, and the lower part is 
very dark grayish brown silty clay loam. The subsoil is 
friable and about 16 inches thick. The upper part is dark 
grayish brown silty clay loam; and the lower part is 
grayish brown, mottled clay loam. The substratum to a 
depth of about 60 inches is mottled, olive gray and olive 
brown, calcareous loam. 

The minor soils in this association are the Canisteo, 
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Clarion, Harps, Nicollet, and Okoboji soils. The poorly 
drained Canisteo soils are calcareous, are in swales 
and nearly level areas, and formed in glacial till or 
sediments. Canisteo soils are in similar landscape 
positions as Kossuth soils. The well drained Clarion 
soils are on convex knobs, hills, and side slopes. The 
poorly drained Harps soils are highly calcareous and 
are on the rims of depressions. The somewhat poorly 
drained Nicollet soils are on low rises and slightly 
concave side slopes adjacent to Clarion soils. The very 
poorly drained Okoboji soils are in depressions. 

This association is well suited to crops, and nearly all 
of its acreage is used as cropland. Corn and soybeans 
are the main crops. Some oats and crops for rotation 
hay and pasture, including alfalfa and alfalfa-grass 
mixtures, are also grown. A few areas of this 
association, mostly along farmsteads, are used for 
permanent pasture. Organic matter content is moderate 
or high, and available water capacity is high. Crops 
respond well to fertilization. 

The main concerns of cropland management are 
maintaining and improving drainage and maintaining 
tilth and fertility. Flooding and ponding are common on 
some of the minor and major soils of this association in 
late winter, early spring, and after heavy rains. In a few 
areas of Bode and Clarion soils, particularly those 
adjacent to drainageways, water erosion control 
practices are needed. Soil blowing is a concern in areas 
where large tracts are fall plowed and the surface is left 
bare. On Harps soils, particular attention to fertility 
needs is necessary for best yields. Most areas are 
drained, but in some places additional drainage is 
needed. Because of the high clay content and low sand 
content, the soils in this association remain wet and 
sticky for long periods following rains. If worked when 
too wet, they dry out cloddy and hard; if tilled when too 
dry, they are hard and difficult to work. 


Detailed Soil Map Units 
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The map units on the detailed soil maps at the back 
of this survey represent the soils in the survey area. 
The map unit descriptions in this section, along with the 
soil maps, can be used to determine the suitability and 
potential of a soil for specific uses. They also can be 
used to plan the management needed for those uses. 
More information on each map unit, or soil, is given 
under “Use and Management of the Soils.” 

Each map unit on the detailed soil maps represents 
an area on the landscape and consists of one or more 
soils for which the unit is named. 

A symbol identifying the soil precedes the map unit 
name in the soil descriptions. Each description includes 
general facts about the soil and gives the principal 
hazards and limitations to be considered in planning for 
specific uses. 

Soils that have profiles that are almost alike make up 
a soil series. Except for differences in texture of the 
surface layer or of the substratum, all the soils of a 
series have major horizons that are similar in 
composition, thickness, and arrangement. 

Soils of one series can differ in texture of the surface 
layer or of the substratum. They also can differ in slope, 
stoniness, salinity, wetness, degree of erosion, and 
other characteristics that affect their use. On the basis 
of such differences, a soil series is divided into soi! 
phases. Most of the areas shown on the detailed soil 
maps are phases of soil series. The name of a soil 
phase commonly indicates a feature that affects use or 
management. For example, Clarion loam, 2 to 5 percent 
slopes, is a phase of the Clarion series. 

Some map units are made up of two or more major 
soils. These map units are called soil complexes. A soil 
complex consists of two or more soils, or one or more 
soils and a miscellaneous area, in such an intricate 
pattern or in such small areas that they cannot be 
shown separately on the soil maps. The pattern and 
proportion of the soils are somewhat similar in all areas. 
Clarion-Sunburg complex, 2 to 5 percent slopes, is an 
example. 


Most map units include small scattered areas of soils 
other than those for which the map unit is named. 
Some of these included soils have properties that differ 
substantially from those of the major soil or soils. Such 
differences could significantly affect use and 
management of the soils in the map unit. The included 
soils are identified in each map unit description. Some 
small areas of strongly contrasting soils are identified by 
a special symbol on the soil maps. 

This survey includes miscellaneous areas. Such 
areas have little or no soil material and support little or 
no vegetation. Pits, sand and gravel, is an example. 
Miscellaneous areas are shown on the soil maps. Some 
that are too small to be shown are identified by a 
special symbol on the soil maps. 

Table 4 gives the acreage and proportionate extent 
of each map unit. Other tables (see "Summary of 
Tables") give properties of the soils and the limitations, 
capabilities, and potentials for many uses. The Glossary 
defines many of the terms used in describing the soils. 


Soil Descriptions 


6—Okoboji silty clay loam, 0 to 1 percent slopes. 
This level, very poorly drained soil is in shallow upland 
depressions (fig. 7). It is subject to ponding. Individual 
areas are circular. They mainly range from 2 to 25 
acres in size, but some are as large as 40 acres. 

Typically, the surface layer is black, firm silty clay 
loam about 9 inches thick. The subsurface layer is black 
and firm, and about 27 inches thick. The upper part is 
silty clay loam, and the lower part is silty clay. The 
subsoil is mottled and firm, and is about 10 inches 
thick. The upper part is very dark gray silty clay, and 
the lower part is olive gray silty clay loam. The 
substratum to a depth of about 60 inches is olive gray, 
mottled, calcareous silty clay loam. In places the 
surface layer contains more sand. 

Included with this soil in mapping are a few small 
areas of Harps soils. Harps soils are on rims of 
depressions, are poorly drained, and are highly 
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Figure 7.—Small depression, or pothole, in an area of Okoboji silty clay loam, 0 to 1 percent slopes. This soil is frequently ponded after 


rains, and crops are often damaged. 


calcareous. They make up less than 5 percent of the 
map unit. 

Permeability of this Okoboji soil is moderately slow, 
and runoff is slow to ponded. The soi! has a seasonal 
high water table. Available water capacity is high. 
Shrink-swell potential is high. The content of organic 
matter is about 9 to 12 percent in the surface layer. The 
subsurface layer generally has a very low supply of 
available phosphorus and potassium. This soil generally 
has fair tilth. 

Most areas are cultivated. The seasonal high water 
table is the main limitation. If adequately drained, this 
soil is moderately suited to corn, soybeans, and small 
grain and to grasses and legumes for hay or pasture. 
Surface drains remove ponded water. Tile drains 


remove excess subsurface water. Timely tillage 
operations are needed to maintain tilth in the surface 
layer. Chisel plowing makes the surface more pervious 
to water and increases the infiltration rate. Cultivating 
when the soil is too wet causes surface compaction and 
cloddiness. 

This soil is poorly suited to same legumes, especially 
alfalfa. Ponding and soil heaving in winter frequently 
drown out or kill crops. If this soil is used as pasture, 
grasses and legumes that tolerate excessive wetness 
should be grown. Grazing when the soil is wet causes 
surface compaction and poorer tilth. Some areas are 
suitable for use as wildlife habitat (fig. 8). 

The land capability classification is lllw. 
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28—Dickman sandy loam, 0 to 2 percent slopes. 
This nearly level, well drained soil is mainly on uplands 
and outwash plains. Individual areas range from 2 to 20 
acres in size and are irregularly shaped. 

Typically, the surface layer is very dark brown, very 
friable sandy loam about 9 inches thick. The subsurface 
layer is very dark brown and very dark grayish brown, 
very friable sandy loam about 8 inches thick. The 
subsoil is loamy sand about 20 inches thick. The upper 
part is dark brown and very friable, the next part is dark 
brown and brown and very friable, and the lower part is 
dark yellowish brown and loose. The substratum to a 
depth of about 60 inches is yellowish brown sand. In 
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places the surface layer is thicker than 24 inches. In 
some places a loamy substratum is at a depth of more 
than 42 inches. 

Included with this soil in mapping are a few small 
areas of low-lying, slightly concave, wetter soils. They 
make up less than 5 percent of the map unit. 

Permeability of this Dickman soil is moderately rapid 
in the upper part of the solum and rapid in the lower 
part. Runoff is slow. Available water capacity is low. 
The content of organic matter is about 1 to 2 percent in 
the surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has fair tilth. 


Figure 8.—Dug pond, in an undrained area of Okoboji silty clay loam, 0 to 1 percent slopes. This pond is valuable for livestock production 
and wildlife habitat. 
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Most areas are cultivated because they are small and 
generally near soils that are better suited to cultivation. 
This soil is poorly suited to cultivated crops. The low 
available water capacity is the main limitation. If the soil 
is used for cultivated crops, water erosion and soil 
blowing are hazards. This soil is better suited to small 
grain than to row crops because of the low available 
water capacity. Soil blowing is a hazard because the 
surface dries out quickly after tillage. In some years 
windblown sand damages young plants. A system of 
conservation tillage that leaves crop residue on the 
surface helps to prevent excessive soil loss. Returning 
crop residue to the soil and regularly adding other 
organic material improve fertility, help to maintain tilth, 
and improve available water capacity. 

The use of this soil as pastureland is effective in 
controlling water erosion. Overgrazing, however, 
increases runoff and exposes the surface layer to soil 
blowing. Proper stocking rates, pasture rotation, timely 
deferment of grazing, and restricted use during 
extremely dry periods help to keep the pasture in good 
condition. 

The land capability classification is Ills. 


28B—Dickman sandy loam, 2 to 5 percent slopes. 
This gently sloping, well drained soil is mainly on 
uplands and outwash plains. Individual areas range 
from 2 to 30 acres in size and are irregularly shaped. 

Typically, the surface layer is very dark brown, very 
friable sandy loam about 9 inches thick. The subsurface 
layer is very dark brown and very dark grayish brown, 
very friable sandy loam about 8 inches thick. The 
subsoil is loamy sand about 18 inches thick. The upper 
part is dark brown and very friable, the next part is dark 
brown and brown and very friable, and the lower part is 
dark yellowish brown and loose. The substratum to a 
depth of about 60 inches is yellowish brown sand. In a 
few places the surface layer is less than 10 inches 
thick. In some places a loamy substratum is at a depth 
of more than 42 inches. 

Included with this soil in mapping are a few small 
areas of Salida soils. The excessively drained Salida 
soils are an the steeper parts of slopes. They make up 
less than 5 percent of the map unit. 

Permeability of this Dickman soil is moderately rapid 
in the upper part of the solum and rapid in the lower 
part. Runoff is slow. Available water capacity is low. 
The content of organic matter is about 1 to 2 percent in 
the surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soi! 
generally has fair tilth. 

Most areas are cultivated because they are small and 
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generally near soils that are better suited to cultivation. 
This soil is poorly suited to cultivated crops. If it is used 
for cultivated crops, water erosion and soil blowing are 
hazards. This soil is better suited to small grain than to 
row crops because of the low available water capacity. 
Soil blowing is a hazard because the surface dries out 
quickly after tillage. In some years windblown sand 
damages young plants. A system of conservation tillage 
that leaves crop residue on the surface helps to prevent 
excessive soil loss. Returning crop residue to the soil 
and regularly adding other organic material improve 
fertility, help to maintain tilth, and improve available 
water capacity. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing, however, increases 
runoff and exposes the surface layer to soil blowing. 
Proper stocking rates, pasture rotation, timely deferment 
of grazing, and restricted use during extremely dry 
periods help to keep the pasture in good condition. 

The land capability classification is llle. 


28D2—Dickman sandy loam, 5 to 14 percent 
slopes, moderately eroded. This moderately sloping 
and strongly sloping, well drained soil is mainly on 
uplands and outwash plains. Individual areas range 
from 5 to 30 acres in size and are irregularly shaped. 

Typically, the surface layer is very dark grayish 
brown, friable sandy loam about 6 inches thick. Plowing 
has mixed some streaks and pockets of dark brown 
subsoil material into the surface layer. The subsoil is 
about 25 inches thick. The upper part is dark brown, 
very friable sandy loam; the next part is dark brown and 
brown, very friable loamy sand; and the lower part is 
dark yellowish brown, loose loamy sand. The 
substratum to a depth of about 60 inches is yellowish 
brown sand. In a few places the surface layer is thicker. 

Included with this soil in mapping are a few small 
areas of Salida soils. The excessively drained Salida 
Soils are on the steeper parts of slopes. They make up 
less than 5 percent of the map unit. 

Permeability of this Dickman soil is moderately rapid 
in the upper part of the solum and rapid in the lower 
part. Runoff is medium. Available water capacity is low. 
The content of organic matter is less than 0.5 percent in 
the surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has poor tilth. 

Most areas are cultivated because they are small and 
generally near soils that are better suited to cultivation. 
A few larger areas are managed separately. This soil is 
poorly suited to cultivated crops. If it is used for 
cultivated crops, further water erosion is a hazard. 
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Figure 9.—Windblown sand on Dickman sandy loam, 5 to 14 percent slopes, moderately eroded, damages soybean seedlings. 


This soil is better suited to small grain than to row crops 
because of the low available water capacity. Soil 
blowing is a hazard because the surface dries out 
quickly after tillage. In some years windblown sand 
damages young plants (fig. 9). A system of 
conservation tillage that leaves crap residue on the 
surface helps to prevent excessive soil blowing. 
Applying mechanical erosion-control practices, such as 
terracing, is difficult because the soil is unstable. Also, 
deep cuts may expose the sandy subsoil, which is low 
in organic matter and fertility. Returning crop residue to 
the soil and regularly adding other organic material 
improve fertility, help to maintain tilth, and increase 
available water capacity. 

The use of this soil as pasture is effective in 
controlling water erosion and soil blowing. Overgrazing, 
however, increases runoff and exposes the surface 


layer to soil blowing. Proper stocking rates, pasture 
rotation, timely deferment of grazing, and restricted use 
during extremely dry periods help to keep the pasture in 
good condition. 

The land capability classification is IVe. 


52B—Bode clay loam, 2 to 5 percent slopes. This 
gently sloping, well drained soil is on upland knolls. 
Areas range from 5 to 10 acres in size and are long 
and irregularly shaped. 

Typically, the surface layer is black, friable clay loam 
about 9 inches thick. The subsurface layer is friable 
clay loam about 9 inches thick. The upper part is very 
dark gray, and the lower part is very dark grayish 
brown. The subsoil is friable clay loam about 22 inches 
thick. The upper part is brown, and the lower part is 
dark yellowish brown and calcareous. The substratum 
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to a depth of about 60 inches is light olive brown, 
mottled, calcareous clay loam. 

Included with this soil in mapping are a few small 
areas of well drained Storden soils. Storden sails do not 
have a subsoil, are calcareous throughout the profile, 
and are in similar landscape positions. They make up 
less than 5 percent of the map unit. 

Permeability of this Bode soil is moderate, and runoff 
is medium. Available water capacity is high. The 
content of organic matter is about 3 to 4 percent in the 
surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has good tilth. 

Most areas are cultivated. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. Water erosion is a hazard. 
A system of conservation tillage that leaves crop 
residue on the surface and grassed waterways help to 
prevent excessive soil loss. Contour farming and 
terracing (fig. 10) are practical in some areas but are 
not feasible in undulating areas where siopes are short. 
Returning crop residue to the soil and regularly adding 
other organic material improve fertility, help to control 
erosion and prevent surface crusting, and increase the 
rate of water infiltration. 

The use of this soil as pasture is effective in 
controlling water erosion. Overgrazing or grazing when 
the soil is too wet, however, results in poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture and the soil in good condition. 

The land capability classification is lle. 


52C2—Bode clay loam, 5 to 9 percent slopes, 
moderately eroded. This moderately sloping, well 
drained soil is on knolls and convex side slopes on 
uplands. Slopes typically are short. Areas range from 5 
to 15 acres in size and are long and irregularly shaped. 

Typically, the surface layer is black, friable clay loam 
about 6 inches thick. Plowing has mixed some streaks 
and pockets of brown subsoil into the surface layer. The 
subsoil is friable clay loam about 24 inches thick. The 
upper part is brown, and the lower part is brown and 
dark yellowish brown. The substratum to a depth of 
about 60 inches is mottled light olive brown and grayish 
brown, calcareous clay loam. In places the surface 
layer is thicker. 

Included with this soil in mapping are a few small 
areas of well drained Storden soils. Storden soils are 
calcareous throughout the profile and are in similar 
landscape positions. They make up about 5 to 10 
percent of the map unit. 
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Permeability of this Bode soil is moderate, and runoff 
is medium. Available water capacity is high. The 
content of organic matter is about 2 to 2.5 percent in 
the surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has fair tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, water erosion is a hazard. A 
system of conservation tillage that leaves crop residue 
on the surface, terracing, contour farming, and grassed 
waterways help to prevent excessive soil loss. Contour 
farming and terracing are practical in some areas, but 
are not feasible in undulating areas where slopes are 
short. Returning crop residue to the soil and regularly 
adding other organic material improve fertility, help to 
control erosion and prevent surface crusting, and 
increase the rate of water infiltration. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is lile. 


52D2—Bode clay loam, 9 to 14 percent slopes, 
moderately eroded. This strongly sloping, well drained 
Soil is on knolls and convex side slopes on uplands. 
Individual areas range from 5 to 10 acres in size and 
are long and irregularly shaped. 

Typically, the surface layer is very dark grayish 
brown, friable clay loam about 6 inches thick. Plowing 
has mixed some streaks and pockets of brown subsoil 
material into the surface layer. The subsoil is friable 
clay loam about 21 inches thick. The upper part is 
brown, and the lower part is brown and dark yellowish 
brown. The substratum to a depth of about 60 inches is 
mottled light olive brown and grayish brown, calcareous 
clay loam. In a few places the surface layer is thicker. 

Included with this soil in mapping are a few areas of 
well drained Storden soils. Storden soils are calcareous 
throughout the profile and are on the steeper parts of 
slopes. They make up about 10 percent of the map unit. 

Permeability of this Bode soil is moderate, and runoff 
is rapid. Available water capacity is high. The content of 
organic matter is about 1 to 2 percent in the surface 
layer. The subsoil generally has a very low supply of 
available phosphorus and potassium. This soil generally 
has fair tilth. 
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Figure 10.—Terraces help to reduce runoff and control erosion on Bode clay loam, 2 to 5 percent slopes. 


Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, water erosion is a hazard. A 
system of conservation tillage that leaves crop residue 
on the surface, terracing, contour farming, and grassed 
waterways help to prevent excessive soil loss. Contour 
farming and terracing are practical in some areas, but 
are not feasible in undulating areas where slopes are 
short and steep. Returning crop residue to the soil and 
regularly adding other organic material improve fertility, 
help to control erosion and prevent surface crusting, 
and increase the rate of water infiltration. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 


The land capability classification is Ille. 


52E2—Bode clay loam, 14 to 18 percent slopes, 
moderately eroded. This moderately steep, well 
drained soil is on knolls and convex side slopes on 
uplands. Individual areas range from 5 to 15 acres in 
size and are long and irregularly shaped. 

Typically, the surface layer is very dark grayish 
brown, friable clay loam about 6 inches thick. Plowing 
has mixed some streaks and pockets of brown subsoil 
material into the surface layer. The subsoil is friable 
clay loam about 24 inches thick. The upper part is 
brown, and the lower part is brown and dark yellowish 
brown. The substratum to a depth of about 60 inches is 
mottled light olive brown and grayish brown, calcareous 
clay loam. 

Included with this soil in mapping are a few areas of 
well drained Storden soils. Storden soils are calcareous 
throughout the solum and are on the steeper parts of 
slopes. They make up about 10 percent of the map unit. 
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Permeability of this Bode soil is moderate, and runoff 
is rapid. Available water capacity is high, although this 
potential may not be reached because of rapid runoff. 
The content of organic matter is about 0.5 to 1 percent 
in the surface layer. The subsoil generally has a very 
low supply of available phosphorus and potassium. This 
soil generally has fair tilth. 

Most areas are cultivated. This soil is poorly suited to 
corn and soybeans. It is better suited to small grain and 
to grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, further water erosion is a 
hazard. Because of the higher clay content, the rate of 
infiltration is slower and the rates of runoff are 
increased during rainy periods. A system of 
conservation tillage that leaves crop residue on the 
surface, terracing, contour farming, and grassed 
waterways help to prevent excessive soil loss. In some 
areas applying mechanical erosion-control measures, 
such as contouring and terracing, is difficult because of 
the irregular topography and the short, steep slopes. In 
many areas, however, these measures are suitable. 

The use of this soi! as pasture is effective in 
controlling water erosion and promoting better titth. 
Overgrazing or grazing when the soil is too wet, 
however, causes surface compaction, increases runoff, 
and results in poorer tilth. Proper stocking rates, 
pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. 

The land capability classification is IVe. 


55—Nicollet loam, 1 to 3 percent slopes. This very 
gently sloping, somewhat poorly drained soil is on low 
rises and slightly convex side slopes on uplands. 
Individual areas range from 3 to 30 acres in size and 
are irregularly shaped. 

Typically, the surface layer is black, friable loam 
about 9 inches thick. The subsurface layer is friable 
clay loam about 11 inches thick. The upper part is 
black, and the lower part is very dark grayish brown. 
The subsoil is friable and about 21 inches thick. The 
upper part is dark grayish brown and olive brown clay 
loam; the next part is dark grayish brown, mottled loam; 
and the lower part is dark grayish brown and grayish 
brown, mottled, calcareous loam. The substratum to a 
depth of about 60 inches is mottled, light olive brown 
and grayish brown, calcareous loam. In some places 
the surface layer dries out to a lighter color and is 
thinner. 

Included with this soil in mapping are small areas of 
Clarion and Webster soils. Clarion soils are well drained 
and are on the more convex parts of slopes. Webster 
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soils are poorly drained and are in the more level areas. 
Included soils make up about 5 to 10 percent of the 
map unit. 

Permeability of this Nicollet soil is moderate, and 
runoff is slow. The soil has a seasonal high water table. 
Available water capacity is high. The content of organic 
matter is about 5 to 6 percent in the surface layer. The 
subsoil generally has a very low supply of available 
phosphorus and potassium. This soil generally has 
good tilth. 

Most areas are cultivated. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. Water erosion generally is 
not a problem on this soil, but soil blowing may occur if 
the soil is fall plowed. A system of conservation tillage 
that leaves crop residue on the surface helps to prevent 
excessive soil loss from soil blowing. Returning crop 
residue to the soil and delaying tillage when the soil is 
wet help to maintain good tilth. This soil generally is not 
drained, but in some areas artificial drainage will 
improve the timeliness of operations. 

If this soil is used as pasture, overgrazing or grazing 
when the soil is wet causes surface compaction and 
poor tilth. Proper stocking rates, pasture rotation, timely 
deferment of grazing, and restricted use during wet 
periods help to keep the pasture in good condition. 

The land capability classification is |. 


72—Estherville loam, 0 to 2 percent slopes. This 
nearly level, somewhat excessively drained soil is on 
uplands and glacial outwash plains. Individual areas 
range from 2 to 20 acres in size and are irregularly 
shaped. 

Typically, the surface layer is very dark gray, friable 
loam about 7 inches thick. The subsurface layer is very 
dark grayish brown, friable loam about 7 inches thick. 
The subsoil is about 13 inches thick. The upper part is 
brown, friable sandy loam; and the lower part is dark 
yellowish brown, loose loamy sand. The substratum to a 
depth of about 60 inches is brown, calcareous sand. In 
a few places the surface layer is sandy clay loam. 

Included with this soil in mapping are a few small 
areas of Dickman soils. Dickman soils have a higher 
sand content in the solum, coarse fragments, and are in 
similar landscape positions. They make up about 2 to 5 
percent of the map unit. 

Permeability of this Estherville soil is moderately 
rapid in the upper part of the solum and very rapid in 
the lower part. Runoff is slow. Available water capacity 
is low. The content of organic matter is about 3 to 4 
percent in the surface layer. The subsoil generally has 
a very low supply of available phosphorus and 
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potassium. This soil generally has good tilth. 

Most areas are cultivated. The soil is moderately 
suited to row crops but is better suited to small grain 
and to grasses and legumes for hay or pasture. The 
main limitation is low available water capacity. This soil 
tends to be droughty, especially in years when rainfall is 
below average or not timely. Soil blowing is a common 
hazard because of the rapid drying of the surface after 
tillage. In places, blown sand sometimes damages 
young plants. A system of conservation tillage that 
leaves crop residue on the surface helps to prevent or 
reduce soil blowing and conserves available water for 
crop use. Returning crop residue to the soil and 
regularly adding other organic material improve 
available water capacity, slow surface drying, and help 
to maintain tilth. 

The use of this soil as pasture is effective in 
controlling soil blowing. Proper stocking rates, pasture 
rotation, timely deferment of grazing, and restricted use 
during extreme periods of wetness help to keep the 
pasture in good condition. 

The land capability classification is Ills. 


72B—Estherville loam, 2 to 5 percent slopes. This 
gently sloping, somewhat excessively drained soil is on 
uplands and glacial outwash plains. Individual areas 
range from 2 to 25 acres in size and are irregularly 
shaped. 

Typically, the surface layer is very dark gray, friable 
loam about 9 inches thick. The subsurface layer is very 
dark grayish brown, friable loam about 5 inches thick. 
The subsoil is about 12 inches thick. The upper part is 
brown, friable sandy loam; and the lower part is dark 
yellowish brown, very friable loamy sand. The 
substratum to a depth of about 60 inches is brown, 
calcareous sand. In a few places the surface layer is 
sandy clay loam. 

Included with this soil in mapping are a few small 
areas of Clarion and Dickman soils. Clarion soils have a 
higher clay content in the solum and do not have a 
sandy substratum. Dickman soils have a higher sand 
content in the upper part of the solum. These included 
soils are in similar landscape positions. They make up 
about 2 to 5 percent of the map unit. 

Permeability of this Estherville soil is moderately 
rapid in the upper part of the solum and very rapid in 
the lower part. Runoff is medium. Available water 
capacity is low. The content of organic matter is about 3 
to 4 percent in the surface layer. The subsoil generally 
has a very low supply of available phosphorus and 
potassium. This soil generally has good tilth. 


Most areas are cultivated. The soil is poorly suited to: 
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row crops but is better suited to small grain and to 
grasses and legumes for hay or pasture. The main 
limitation is low available water capacity. This soil tends 
to be droughty, especially in years when rainfall is 
below average or not timely. When tilled, the surface 
layer dries rapidly. Also, the tilled areas are highly 
susceptible to soil blowing, which damages young 
seedlings. A system of conservation tillage that leaves 
crop residue on the surface helps to prevent soil 
blowing and water erosion and conserves moisture for 
crop use. Returning crop residue to the soil and 
regularly adding other organic material improve 
available water capacity, slow surface drying, and help 
to maintain tilth. 

The use of this scil as pasture is effective in 
controlling soil blowing and water erosion. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during extreme periods of 
wetness help to keep the pasture in good condition. 

The land capability classification is Ills. 


72C2—Estherville loam, 5 to 9 percent slopes, 
moderately eroded. This moderately sloping, somewhat 
excessively drained soil is on uplands and glacial 
outwash plains. Individual areas range from 2 to 10 
acres in size and are irregularly shaped. 

Typically, the surface layer is very dark grayish 
brown, friable loam about 7 inches thick. Plowing has 
mixed streaks and pockets of brown subsoil material 
into the surface layer. The subsoil is about 12 inches 
thick. The upper part is brown, friable sandy loam; and 
the lower part is dark yellowish brown, loose loamy 
sand. The substratum to a depth of about 60 inches is 
brown, calcareous sand. 

Included with this soil in mapping are a few small 
areas of Clarion and Dickman soils. Clarion soils have a 
higher content of clay in the sdlum and do not have a 
sandy substratum. Dickman soils have a higher sand 
content in the solum. These included soils are in similar 
landscape positions. They make up about 5 percent of 
the map unit. 

Permeability of this Estherville soil is moderately 
rapid in the upper part of the solum and very rapid in 
the lower part. Runoff is medium. Available water 
capacity is low. The content of organic matter is about 
1.5 to 2 percent in the surface layer. The subsoil 
generally has a very low supply of available phosphorus 
and potassium. This soil generally has good tilth. 

Most areas are cultivated. This soil is poorly suited to 
corn and soybeans and is better suited to small grain 
and to grasses and legumes for hay or pasture. The 
main limitation is low available water capacity. This soil 
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tends to be droughty, especially in years when rainfall is 
below average or not timely. If this soil is used for 
cultivated crops, water erosion and soil blowing are 
hazards. When tilled, the surface layer dries rapidly. 
Also the tilled areas are highly susceptible to soil 
blowing, which often damages young seedlings. A 
system of conservation tillage that leaves crop residue 
on the surface helps to control water erosion and soil 
blowing and conserves moisture for crop use. Returning 
crop residue to the soil and regularly adding other 
organic material improve available water capacity, slow 
surface drying, and help to maintain tilth. Some areas 
have slopes that can be farmed on the contour. 
Terraces ordinarily are not constructed on this soil 
because of the hazard of exposing the sandy 
substratum. 

The use of this soil as pasture is effective in 
controlling water erosion and soil blowing. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during extreme periods of 
wetness help to keep the pasture in good condition. 

The land capability classification is IVs. 


72D2—Estherville loam, 9 to 14 percent slopes, 
moderately eroded. This strongly sloping, somewhat 
excessively drained soil is on uplands and glacial 
outwash plains. Individual areas range from 2 to 5 acres 
in size and are long and irregularly shaped. 

Typically, the surface layer is very dark grayish 
brown, friable loam about 6 inches thick. Plowing has 
mixed streaks and pockets of brown subsoil material 
into the surface layer. The subsoil is about 12 inches 
thick. The upper part is brown, friable sandy loam; and 
the lower part is dark yellowish brown, loose loamy 
sand. The substratum to a depth of about 60 inches is 
brown, calcareous sand. 

included with this soil in mapping are a few small 
areas of Clarion and Dickman soils. Clarion soils have a 
higher content of clay in the solum and do not have a 
sandy substratum. Dickman soils have a higher sand 
content in the solum. These included soils are in similar 
landscape positions. They make up about 5 percent of 
the map unit. 

Permeability of this Estherville soil is moderately 
rapid in the upper part of the solum and very rapid in 
the lower part. Runoff is medium. Available water 
capacity ts low. The content of organic matter is about 1 
to 1.5 percent in the surface layer. The subsoil 
generally has a very low supply of available phosphorus 
and potassium. This soil generally has fair tilth. 

Most areas of this soil are cultivated. This soil is 
pooriy suited to corn and soybeans and is better suited 
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to small grain and to grasses and legumes for hay or 
pasture. The main limitation is low available water 
capacity. This soil tends to be droughty, especially in 
years when rainfall is below average or not timely. If 
this soil is used for cultivated crops, further water 
erosion is a hazard. When tilled, the surface layer dries 
rapidly. Also, the tilled areas are highly susceptible to 
soil blowing, which often damages young seedlings. A 
System of conservation tillage that leaves crop residue 
on the surface helps to prevent water erosion and soil 
blowing and conserves moisture for crop use. Returning 
crop residue to the soil and regularly adding other 
organic material improve available water capacity, help 
to maintain tilth, and slow surface drying. In some areas 
slopes can be farmed on the contour. Terraces 
ordinarily are not constructed on this soil because of the 
danger of exposing the sandy substratum. 

The use of this soil as pasture is effective in 
controlling water erosion and soil blowing. Proper 
Stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during extreme periods of 
wetness help to keep the pasture in good condition. 

The land capability classification is IVs. 


73C2—Salida gravelly sandy loam, 2 to 9 percent 
slopes, moderately eroded. This moderately sloping, 
excessively drained, calcareous soil is on upland knolls 
and outwash plains. Individual areas range from about 2 
to 8 acres in size. On uplands they generally are small 
and irregularly shaped. On outwash plains they 
generally are long and narrow. 

Typically, the surface layer is very dark grayish 
brown, very friable, calcareous gravelly sandy loam 
about 7 inches thick. Plowing has mixed streaks and 
pockets of brown subsoil material into the surface layer. 
The subsoil is brown, loose, calcareous gravelly loamy 
coarse sand about 8 inches thick. The substratum to a 
depth of about 60 inches is multicolored, calcareous 
very gravelly coarse sand. In a few places the surface 
layer is loam. 

Permeability of this Salida soil is very rapid, and 
runoff is slow. Available water capacity is very low. The 
content of organic matter is about 0.5 to 1 percent in 
the surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has poor tilth. 

Most areas are cultivated, but other areas are near 
steeper soils and are used as pasture. This soil is 
poorly suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. The main 
limitation is low available water capacity. This soil is 
droughty in years when rainfall is below average or 
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untimely. Many areas are used for cultivated crops 
because they are in small, irregularly shaped areas with 
other soils that are better suited to crops. in cultivated 
areas of this soil stones and gravel on the surface 
hinder tillage operations. If this soil is used for 
cultivated crops, further water erosion is a hazard. Soil 
blowing can be severe when this soil is tilled and the 
surface layer is left bare. A system of conservation 
tillage that leaves crop residue on the surface reduces 
the hazard of erosion and helps to conserve water. Row 
crops can be planted on the contour. In cultivated fields, 
a few areas commonly are left in grass, which is grazed 
in fall along with residue from row crops. These areas 
also provide habitat for wildlife. 

Larger areas are left idle or are used as pasture. 
These areas can be improved for forage production and 
wildlife by planting desirable species that tolerate 
drought. If pastures are properly managed, native 
bluestem grasses eventually move onto this soil. 
Controlled grazing and harvesting are essential to 
maintain desirable plant species and satisfactory forage 
production. 

The land capability classification is IVs. 


90—Okoboji mucky silt loam, 0 to 1 percent 
slopes. This level, very poorly drained mucky soil is in 
shallow upland depressions. It is subject to ponding. 
Individual areas are circular. They mainly range from 10 
to 20 acres in size, but some are as large as 40 acres. 

Typically, the surface layer is black, friable mucky silt 
loam about 9 inches thick. The subsurface layer is 
black, firm silty clay loam about 20 inches thick. The 
subsoil is very dark gray, mottled, firm silty clay loam 
about 10 inches thick. The substratum to a depth of 
about 60 inches is olive gray, mottled, calcareous silty 
clay loam. In places the upper part of the solum is 
calcareous. 

Included with this soi! in mapping are a few small 
areas of Harps and Palms soils. Harps soils are on rims 
of potholes, are poorly drained, and are highly 
calcareous. Palms soils developed in organic material 
and are in similar landscape positions. Included soils 
make up less than 5 percent of the map unit. 

Permeability of this Okoboji soil is moderately slow, 
and runoff is slow to ponded. The soil has a seasonal 
high water table. Available water capacity is high. 
Shrink-swell potential is high. The content of organic 
matter is about 12 to 18 percent in the surface layer. 
The subsurface layer has a very low supply of available 
phosphorus and potassium. This soil has good tilth. 

Most areas are Cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
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grasses and legumes for hay or pasture. Wetness is the 
main limitation. Most of the acreage is artificially drained 
or partly drained and is cultivated. Surface intakes, 
shallow ditches, and underground drains are used. In 
places outlets are difficult to find that are deep enough 
for these drains to function adequately. Many areas are 
ponded in spring and after heavy rains. In some years 
water ponds long enough to drown out crops. If ponding 
occurs early in the season, the land can be tilled and 
replanted. Even where artificial drainage is adequate for 
good crop growth, tillage is delayed after heavy rains. 

Because this soil is in low-lying areas and has a high 
organic matter content, it is slow to warm in spring and 
loses heat rapidly from the surface. Consequently, 
crops are subject to frost damage in late spring and 
early fall. The use of early maturing varieties helps to 
reduce crop losses because of late planting or early 
frost. The surface layer is less dense and compacted 
than in other Okoboji soils, making preparation of a 
desirable seedbed easier. Fall plowing should be 
avoided in large areas because soil blowing is a hazard 
if the surface layer is not protected. Production can be 
improved in many areas by improving the drainage 
system. On this soil the application rate of some 
herbicides should be increased compared to the rate 
used for surrounding soils and other Okoboji soils 
because the higher organic matter content of this soil 
reduces the effectiveness of some herbicides. 

This soil is poorly suited to some legumes, especially 
alfalfa. Ponding water and soil heaving in winter 
frequently kill crops. If this soil is used as pasture, 
grasses and legumes that tolerate wetness should be 
substituted for those more commonly grown. Grazing 
when the soil is wet should be avoided to prevent crop 
damage. Productivity in most areas can be increased by 
improving drainage and planting more desirable grasses 
that tolerate wetness and periods of ponding. This soil 
generally is managed in conjunction with adjacent soils, 
but some larger areas are managed separately. 

The land capability classification is lllw. 


95—Harps loam, 0 to 2 percent slopes. This nearly 
level, poorly drained, calcareous soil is on convex rims 
that border depressions on uplands. Individual areas 
range from 5 to about 25 acres in size and are 
irregularly shaped. 

Typically, the surface layer is black, friable, 
calcareous loam about 10 inches thick. The subsurface 
layer is very dark gray, mottled, friable, calcareous loam 
about 8 inches thick. The subsoil is olive gray, mottled, 
friable, calcareous loam about 24 inches thick. The 
substratum to a depth of about 60 inches is mottled, 
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olive gray and light olive brown, calcareous loam. In a 
few places strata of silt loam and very fine sand are 
below a depth of 30 inches. 

Included with this soil in mapping are small areas of 
Crippin and Okoboji soils. Crippin soils are somewhat 
poorly drained and are in slightly higher landscape 
positions. Okoboji soils tend to pond water after rains 
and are in depressions. Included soils make up less 
than 5 percent of the map unit. 

Permeability of this Harps soil is moderate, and 
runoff is slow. The soil has a seasonal high water table. 
Available water capacity is high. The content of organic 
matter is about 4.5 to 5.5 percent in the surface layer. 
The subsoil generally has a very low supply of available 
phosphorus and potassium. This soil generally has fair 
tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. Wetness is the 
main limitation. If this soil is used for cultivated crops, 
adequate drainage is needed to reduce wetness and to 
provide proper aeration for plants that require a deep 
root zone. Underground drains work well, but in some 
places providing adequate outlets is a problem. 
Because of an excess of calcium carbonate in this soil, 
larger fertilizer applications are needed. Carry-over and 
sensitivity of some herbicides can be problems. Special 
fertilization and careful selection of herbicides may be 
needed. Soybeans grown on this soil can show 
dramatic visual evidence of iron deficiency. Soybean 
varieties that tolerate high lime conditions should be 
selected. In years of excessive rainfall, crops may be 
lost in areas of this soil because of ponding on the 
adjacent Palms muck and Okoboji soils. Excessive 
tillage readily destroys the weak soil structure, and this 
soil is subject to soil blowing if the surface is left bare 
and becomes dry. A system of conservation tillage that 
leaves crop residue on the surface and the regular 
addition of other organic material help to improve 
Structure and control soil blowing. 

If this soil is used as pasture, proper stocking rates, 
pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. Because most areas are 
narrow, they are managed with the surrounding 
Canisteo soils and the adjacent Palms, Okoboji, 
Houghton, and Blue Earth soils. 

The land capability classification is Ilw. 


107—Webster clay loam, 0 to 2 percent slopes. 
This nearly level, poorly drained soil is on upland flats 
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and in swales. Individual areas range from 5 to 120 
acres in size and are irregularly shaped. 

Typically, the surface layer is black, friable clay loam 
about 9 inches thick. The subsurface layer is friable 
clay loam about 12 inches thick. The upper part is 
black, and the lower part is black and mottled. The 
subsoil is friable and about 21 inches thick. The upper 
part is olive gray and dark gray, mottled clay loam; the 
next part is olive gray, mottled clay loam; and the lower 
part is olive gray, mottled, calcareous loam. The 
substratum to a depth of about 60 inches is olive gray, 
mottled, calcareous loam. In some places the surface 
layer is more than 24 inches, and depth to free 
carbonates is shallower. A few places have more clay in 
the upper part of the solum. 

included with this soil in mapping are small areas of 
Clarion, Harps, Nicollet, Okoboji, and Rolfe soils. The 
well drained Clarion soils and the somewhat poorly 
drained Nicollet soils are in higher landscape positions. 
Harps soils are highly calcareous and are on rims of 
depressions. Okoboji and Rolfe soils are very poorly 
drained and are in depressions that tend to pond water 
after rains. Included soils make up about 10 percent of 
the map unit. 

Permeability of this Webster soil is moderate, and 
runoff is slow. The soil has a seasonal high water table. 
Available water capacity is high. The content of organic 
matter is about 6 to 7 percent in the surface layer. The 
subsoil generally has a very low supply of available 
phosphorus and potassium. This soil generally has fair 
tilth. 

Most areas are cultivated. Wetness is the main 
limitation. If adequately drained, this soil is well suited 
to corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. Tile drains remove excess 
water. Special care generally is needed to maintain 
good tilth in the surface layer. Cultivating when the soil 
is too wet causes surface compaction and cloddiness. 
When fall plowed, soil blowing is a hazard. Returning 
crop residue to the soil and regularly adding other 
organic material help to control soil blowing and prevent 
surface crusting and increase the rate of water 
infiltration. 

If this soil is used as pasture, proper stocking rates, 
pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. 

The land capability classification is |lw. 


135—Coland clay loam, 0 to 2 percent slopes. This 
nearly level, poorly drained soil is on bottom land. It is 
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subject to occasional flooding. Individual areas mainly 
range from 20 to 160 acres in size and are long and 
narrow, paralleling streams. 

Typically. the surface layer is black, friable clay loam 
about 8 inches thick. The subsurface layer is black, 
friable clay loam about 37 inches thick. The substratum 
to a depth of about 60 inches is black clay loam. Ina 
few places the sand content is lower and free 
carbonates are throughout the solum. 

Permeability of this Coland soil is moderate, and 
runoff is slow. The soil has a seasonal high water table. 
Available water capacity is high. Shrink-swell potential 
is moderate. The content of organic matter is about 5 to 
7 percent in the surface layer. The subsoil generally 
has a medium supply of available phosphorus and a 
very low supply of available potassium. This soil 
generally has fair tilth. 

Most areas are cultivated. A few areas that are 
flooded too frequently or that are not adequately 
drained are used as pasture. This soil is well suited to 
corn, soybeans, and small grain and to grasses for hay 
or pasture. Wetness is the main limitation. Adequate 
drainage and protection from flooding should be 
provided for best crop growth. Underground drains work 
well, but in some places adequate outlets are difficult to 
find because of shallowness of the stream channel. 

This soil is suited to pasture. Proper stocking rates, 
pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. 

The land capability classification is llw. 


138B—Clarion loam, 2 to 5 percent slopes. This 
gently sloping, well drained soil is on convex knolls, 
ridges, and side slopes on uplands. Slopes typically are 
short and irregular. Individual areas range from 4 to 30 
acres in size and are irregularly shaped. 

Typically, the surface layer is black, friable loam 
about 8 inches thick. The subsurface layer is friable 
loam about 13 inches thick. The upper part is very dark 
brown, and the lower part is very dark grayish brown. 
The subsoil is friable loam about 24 inches thick. The 
upper part is brown and dark yellowish brown, and the 
lower part is dark yellowish brown and yellowish brown. 
The substratum to a depth of about 60 inches is 
yellowish brown, calcareous loam. 

Included with this soil in mapping are some areas of 
Sunburg soils. Sunburg soils are calcareous throughout, 
are lower in organic matter content, and mainly are on 
the most convex parts of slopes. They make up less 
than 5 percent of the map unit. 

Permeability of this Clarion soil is moderate, and 
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runoff is medium. Available water capacity is high. The 
content of organic matter is about 3 or 4 percent in the 
surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has good tilth. 

Most areas are cultivated. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. If cultivated crops are 
grown, water erosion is a hazard. A system of 
conservation tillage that leaves crop residue on the 
surface and regularly adding other organic material 
improve fertility, help to control erosion and maintain 
tilth, and increase the rate of water infiltration. In some 
areas applying mechanical erosion-control practices, 
such as contour farming and terracing, is difficult 
because of the irregular topography and the short 
slopes. In many areas, however, these practices are 
suitable. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing, however, causes 
surface compaction and poor tilth, increases the runoff 
rate, and reduces forage production. Proper stocking 
rates, pasture rotation, and timely deferment of grazing 
help to keep the pasture in good condition. 

The land capability classification is lle. 


138C2—Clarion loam, 5 to 9 percent slopes, 
moderately eroded. This moderately sloping, well 
drained soil is on convex knolls, ridgetops, and side 
slopes on uplands. Slopes typically are short and 
irregular. Areas range from 3 to 20 acres in size and 
are irregularly shaped. 

Typically, the surface layer is very dark grayish 
brown, friable loam about 7 inches thick. Plowing has 
mixed streaks and pockets of dark yellowish brown 
subsoil material into the surface layer. The subsoil is 
friable loam about 23 inches thick. The upper part is 
dark yellowish brown, and the lower part is yellowish 
brown. The substratum to a depth of about 60 inches is 
yellowish brown, calcareous loam. 

Included with this soil in mapping are some small 
areas of Sunburg soils. Sunburg soils are calcareous, 
are lower in organic matter, and generally are on the 
most convex part of the slope. They make up about 5 
percent of the map unit. 

Permeability of this Clarion soil is moderate, and 
runoff is medium. Available water capacity is high. The 
content of organic matter is about 2 to 2.5 percent in 
the surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has good tilth. 

Most areas are cultivated. The soil is moderately 
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suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If cultivated 
crops are grown, further water erosion is a hazard. A 
system of conservation tillage that leaves crop residue 
on the surface, contour farming, and terracing prevent 
excessive soil loss. In some areas applying mechanical 
erosion-control practices, such as contouring and 
terracing, is difficult because of the irregular topography 
and the short slopes. In many areas, however, these 
measures are suitable. 

The use of this soil as pasture is effective in 
controlling water erosion. Overgrazing, however, results 
in surface compaction and poor tilth, increases the 
runoff rate, and reduces forage production. Proper 
stocking rates, pasture rotation, and timely deferment of 
grazing help to keep the pasture in good condition. 

The land capability classification is llle. 


138D2—Clarion loam, 9 to 14 percent slopes, 
moderately eroded. This strongly sloping, well drained 
soil is on convex knolls, ridgetops, and side slopes on 
uplands. Slopes typically are short and irregular. 
Individual areas range from 2 to 20 acres in size and 
are irregularly shaped. 

Typically, the surface layer is very dark grayish 
brown, friable loam about 6 inches thick. Plowing has 
mixed streaks and pockets of dark yellowish brown 
subsoil material into the surface layer. The subsoil is 
friable loam about 20 inches thick. The upper part is 
dark yellowish brown, and the lower part is yellowish 
brown. The substratum to a depth of about 60 inches is 
yellowish brown, calcareous loam. 

Included with this soil in mapping are some small 
areas of Sunburg soils. Sunburg soils are calcareous 
throughout the profile, contain less organic matter, and 
generally are on the more convex part of the slope. 
They make up less than 10 percent of the map unit. 

Permeability of this Clarion soil is moderate, and 
runoff is medium. Available water capacity is high. The 
content of organic matter is about 1 or 2 percent in the 
surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has fair tilth. 

Most areas are cultivated. It is moderately suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. If this soil is used for 
cultivated crops, further water erosion is a hazard. A 
system of conservation tillage that leaves crop residue 
on the surface, contour farming, and terracing help to 
prevent excessive soil loss. In some areas applying 
mechanical erosion-control practices, such as contour 
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farming and terracing, is difficult because of the 
irregular topography and the short slopes. In many 
areas, however, these measures are suitable. 

The use of this soil for pasture is effective in 
controlling water erosion. Overgrazing, however, causes 
surface compaction and poor tilth, increases the runoff 
rate, and reduces forage production. Proper stocking 
rates, pasture rotation, and timely deferment of grazing 
help to keep the pasture in good condition. 

The land capability classification is Ille. 


174—Bolan loam, 0 to 2 percent slopes. This nearly 
level, well drained soil is on level to slightly convex 
slopes on uplands and stream benches. Individual 
areas range from 2 to 30 acres in size and are 
irregularly shaped. 

Typically, the surface layer is black, friable loam 
about 8 inches thick. The subsurface layer is friable 
loam about 14 inches thick. The upper part is black, 
and the lower part is very dark grayish brown. The 
subsoil is about 24 inches thick. The upper part is 
brown, friable loam; the next part is brown, very friable 
fine sandy loam; and the lower part is dark yellowish 
brown, very friable loamy fine sand. The substratum to 
& depth of about 60 inches is dark yellowish brown fine 
sand. In a few places the upper part of the solum is 
sandy loam. 

Included with this soil in mapping are a few small 
areas of Dickman and Wadena soils. Dickman soils 
have more sand and less clay in the solum. Wadena 
soils have calcareous coarse sand and gravel in the 
substratum. These included soils are in similar 
landscape positions. They make up less than 5 percent 
of the map unit. 

Permeability of this Bolan soil is moderate in the 
upper part and rapid in the lower part. Runoff is 
medium. Available water capacity is moderate. The 
content of organic matter is 3 or 4 percent in the 
surface layer. The subsoil generally has a very iow 
supply of available phosphorus and potassium. This soil 
generally has good tiith. 

Most areas are cultivated. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. Moderate available water 
capacity is the main limitation. In years when rainfall is 
below average or untimely, a lack of available water 
may limit crop growth, resulting in reduced yields. Small 
grain and legumes for hay or pasture generally do 
better than row crops. If this soil is fall plowed or if the 
soil surface is left bare, soil blowing can be a hazard. A 
system of conservation tillage that leaves crop residue 
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on the surface and the regular addition of other organic 
material improve fertility, conserve moisture, and help to 
control soil blowing. 

If this soil is used as pasture, overgrazing or grazing 
when the soil is wet causes Surface compaction and 
results in poor tilth. Proper stocking rates, pasture 
rotation, and timely deferment of grazing help to keep 
the pasture in good condition. 

The land capability classification is Ils. 


174B—Bolan loam, 2 to 5 percent slopes. This 
gently sloping, well drained soil is on slightly convex 
slopes on uplands and on stream terraces. Individual 
areas range from 2 to 20 acres in size and are 
irregularly shaped. 

Typically, the surface layer is black, friable loam 
about 7 inches thick. The subsurface layer is friable 
loam about 14 inches thick. The upper part is black, 
and the lower part is very dark grayish brown. The 
subsoil is about 20 inches thick. The upper part is 
brown, friable loam: the next part is brown, very friable 
fine sandy loam; and the lower part is dark yellowish 
brown, very friable loamy fine sand. The substratum to 
a depth of about 60 inches is dark yellowish brown fine 
sand. In a few places the upper part of the solum is 
sandy loam. 

Included with this soil in mapping are a few small 
areas of Dickman soils. Dickman soils have less clay 
and more sand in the solum and are in similar 
landscape positions. They make up less than 5 percent 
of the map unit. 

Permeability of this Bolan soil is moderate in the 
upper part and rapid in the lower part. Runoff is 
medium. Available water capacity is moderate. The 
content of organic matter is about 3 or 4 percent in the 
surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has good tilth. 

Most areas are cultivated. This soil is moderately well 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. The main 
management problem is water erosion. In years when 
rainfall is below average or untimely, a lack of available 
water may limit crop growth, resulting in reduced yields. 
Small grain and legumes for hay or pasture generally 
do better than row crops. If this soil is fall plowed or the 
soil surface is left bare, soil blowing is a hazard. A 
system of conservation tillage that leaves crop residue 
on the surface and the regular addition of other organic 
material improve fertility, conserve moisture, and help to 
control soil blowing and water erosion. In some areas 
slopes can be farmed on the contour. Terraces are not 
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ordinarily constructed on this soil because of the hazard 
of exposing the sand substratum. 

The use of this soil as pasture is effective in 
controlling soil blowing. Proper stocking rates, pasture 
rotation, and timely deferment of grazing help to keep 
the pasture in good condition. 

The land capability classification is Me. 


221—Palms muck, 0 to 1 percent slopes. This 
level, very poorly drained organic soil is in upland 
depressions that formerly contained water much of the 
time. It is subject to ponding. Individual areas range 
from 15 to 50 acres in size, but some are as large as 
160 acres. They are circular or irregularly shaped. 

Typically, the surface layer is black, slightly sticky 
sapric material about 10 inches thick. The subsurface 
layer is black, slightly sticky sapric material about 22 
inches thick. The substratum to a depth of about 60 
inches is black, dark gray, and olive gray, mottled silty 
clay loam. In places depth to the mucky material is 
more than 50 inches. In a few places the substratum is 
black to a depth of 60 inches or more. 

Permeability of this Palms soil is moderately slow to 
moderately rapid in the organic material and moderate 
in the substratum. Runoff is very slow. The soil has a 
seasonal high water table. Available water capacity is 
very high. The content of organic matter is more than 
20 percent in the surface layer. The substratum has a 
very low supply of available phosphorus and potassium. 
This soil generally has good tilth. 

Most areas are cultivated. Wetness is the main 
limitation. If adequately drained, the soil is moderately 
suited to row crops. Surface intakes and shallow 
ditches are used in addition to underground drains. In 
places outlets deep enough for drains to function 
adequately are difficult to find. Runoff from adjacent 
slopes readily pond on this soil, and in periods of 
excessive rainfall crops are sometimes damaged or 
destroyed before the drains can remove the excess 
water. If this occurs early in the season, the land can be 
tilled and replanted. This soil is slow to warm in spring. 
and planting may be delayed. Because this soil is in 
low-lying areas and loses heat rapidly from the surface, 
frost often injures crops in late spring and early fall. 
Using early maturing varieties helps to reduce crop 
losses caused by late planting and early frost. Row 
crops grow fairly well where this soil is adequately 
drained and fertilized and otherwise well managed. This 
soil can be tilled within a wide range of moisture 
content. Fall plowing should be avoided because, if left 
unprotected, the surface readily blows when dry. The 
application rate of some herbicides should be increased 


34 


on this soil because its high organic matter content 
causes herbicides to be less effective. 

Partially drained areas of this soil are suited to 
permanent pasture consisting of bluegrass, bromegrass, 
and reed canarygrass. Undrained areas generally are 
suited to wildlife habitat. 

The land capability classification is lllw. 


224—Linder sandy loam, 24 to 32 inches to sand 
and gravel, 0 to 2 percent slopes. This nearly level, 
somewhat poorly drained soil is on stream terraces and 
upland outwash areas. Individual areas range from 3 to 
20 acres in size and are irregularly shaped. 

Typically, the surface layer is black, friable sandy 
loam about 9 inches thick. The subsurface layer is black 
and very dark grayish brown, friable sandy loam about 
12 inches thick. The subsoil is very friable and about 15 
inches thick. The upper part is dark grayish brown 
sandy loam; and the lower part is grayish brown and 
very dark grayish brown, mottled loamy sand. The 
upper part of the substratum is dark grayish brown, 
mottled loamy sand; the next part is dark grayish brown 
and light olive brown, calcareous loamy sand and 
gravel; and the lower part to a depth of about 60 inches 
is grayish brown and light olive brown, calcareous 
gravelly loamy sand. In places the depth to the 
substratum is less than 24 inches. In a few places the 
solum is calcareous. 

Permeability of this Linder soil is moderately rapid in 
the upper part and very rapid in the underlying sand 
and gravel. Runoff is slow. The soil has a seasonal high 
water table. Available water capacity is low to 
moderate. The content of organic matter is about 3 to 4 
percent in the surface layer. The subsoil generally has 
a very low supply of available phosphorus and 
potassium. This soil generally has good tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. It is better 
suited to small grain and to grasses and legumes than 
to cultivated crops because available water is not 
sufficient during parts of most growing seasons. Water 
erosion generally is not a problem on this soil. When 
plowed or tilled, the surface layer dries rapidly and 
commonly is subject to soil blowing. Windblown sand 
damages or destroys seedlings. A system of 
conservation tillage that leaves crop residue on the 
surface helps to prevent excessive soil blowing. 
Returning crop residue to the soil and regularly adding 
other organic material improve fertility, reduce crusting, 
and increase the rate of water infiltration. 
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The use of this soil as pasture helps to control 
erosion. Proper stocking rates, pasture rotation, timely 
deferment of grazing, and restricted use during wet 
periods help to keep the pasture in good condition. 

The land capability classification is Ils. 


236B— Lester loam, 2 to 5 percent slopes. This 
gently sloping, well drained soil is on ridgetops and 
convex side slopes on uplands. Individual areas range 
from 3 to 20 acres in size and are irregularly shaped. 

Typically, the surface layer is very dark grayish 
brown, friable loam about 8 inches thick. The subsoil is 
friable and about 31 inches thick. The upper part is 
brown clay loam, the next part is dark yellowish brown 
clay loam, and the lower part is dark yellowish brown 
loam. The substratum to a depth of about 60 inches is 
light olive brown, mottled, calcareous sandy loam. In 
places the subsoil contains less clay and more sand. 

Included with this soil in mapping are a few small 
areas of Rolfe soils. Rolfe soils are very poorly drained 
and are in depressions. They make up less than 5 
percent of the map unit. 

Permeability of this Lester soil is moderate, and 
runoff is medium. Available water capacity is high. The 
content of organic matter is about 2.5 to 3.5 percent in 
the surface layer. The subsoil generally has a medium 
supply of available phosphorus and a very low supply of 
available potassium. This soil generally has good tilth. 

Most areas are cultivated, but some areas are used 
as pasture or left in timber. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. If this soil is used for 
cultivated crops, water erosion is a hazard. A system of 
conservation tillage that leaves crop residue on the 
surface and grassed waterways help to prevent 
excessive soil loss. In some areas applying mechanical 
erosion-control measures, such as contour farming and 
terracing, is difficult because of the irregular topography 
and the short slopes. In many areas, however, these 
measures are suitable. Returning crop residue to the 
soil and regularly adding other organic material improve 
fertility, reduce crusting, and increase the rate of water 
infiltration. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

This soil is well suited to trees, and a few small 


Hancock County, lowa 


areas remain in native hardwoods. New stands of trees 
survive and grow well if species are selected and 
managed properly. 

The land capability classification is lle. 


236C2—Lester loam, 5 to 9 percent slopes, 
moderately eroded. This moderately sloping, well 
drained soil is on upland ridgetops and convex side 
slopes. Individua! areas typically range from 3 to 15 
acres in size, but some are as large as 30 acres. They 
are irregularly shaped. 

Typically, the surface layer is very dark grayish 
brown, friable loam about 7 inches thick. Plowing has 
mixed streaks and pockets of brown subsoil material 
into the surface layer. The subsoil is friable and about 
31 inches thick. The upper part is brown clay loam, the 
next part is dark yellowish brown clay loam, and the 
lower part is dark yellowish brown loam. The 
substratum to a depth of about 60 inches is light olive 
brown, mottled, calcareous sandy loam. In places the 
subsoil contains less clay and more sand. 

Included with this soil in mapping are a few small 
areas of Sunburg soils. The Sunburg soils are 
calcareous and on the steepest, most convex part of 
slopes. They make up about 5 percent of the map unit. 

Permeability of this Lester soil is moderate, and 
runoff is medium. Available water capacity is high. The 
content of organic matter is about 1 or 2 percent in the 
surface layer. The subsoil generally has a medium 
supply of available phosphorus and a very low supply of 
available potassium. This soil generally has fair tilth. 

Most areas are cultivated, but some areas are used 
as pasture or remain in timber. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, further water erosion is a 
hazard. A system of conservation tillage that leaves 
crop residue on the surface and grassed waterways 
help to prevent excessive soil loss. In some areas 
applying mechanical erosion-control measures, such as 
contour farming and terracing, is difficult because of the 
short slopes and the irregular topography. In many 
areas. however, these measures are suitable. Returning 
crop residue to the soil and regularly adding other 
organic material improve fertility, reduce crusting, and 
increase the rate of water infiltration. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
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keep the pasture in good condition. 

This soil is well suited to trees, and a few small 
areas remain in native hardwoods. New stands of trees 
survive and grow well if species are selected and 
managed properly. 

The land capability classification is Ille. 


236D2—Lester loam, 9 to 14 percent slopes, 
moderately eroded. This strongly sloping, well drained 
soil is on convex side slopes on uplands. [Individual 
areas are irregularly shaped. They typically range from 
3 to 15 acres in size, but some are as large as 30 
acres. 

Typically, the surface layer is very dark grayish 
brown, friable loam about 6 inches thick. Plowing has 
mixed streaks and pockets of brown subsoil material 
into the surface layer. The subsoil is friable and about 
28 inches thick. The upper part is brown clay loam, the 
next part is dark yellowish brown clay loam, and the 
lower part is dark yellowish brown loam. The 
substratum to a depth of about 60 inches is light olive 
brown, mottled, calcareous sandy loam. In places the 
subsoil contains less clay and more sand. 

Included with this soil in mapping are a few small 
areas of Sunburg soils. The calcareous Sunburg soils 
are on the steepest, most convex part of slopes. They 
make up less than 10 percent of the map unit. 

Permeability of this Lester soil is moderate, and 
runoff is rapid. Available water capacity is high. The 
content of organic matter is about 1.0 to 2.0 percent in 
the surface layer. The subsoil generally has a medium 
supply of available phosphorus and a very low supply of 
available potassium. This soil generally has fair tilth. 

Most areas are cultivated, but some are used as 
pasture or left in timber. This soil is moderately suited 
to corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. If this soil is used for 
cultivated crops, further water erosion is a hazard. A 
system of conservation tillage that leaves crop residue 
on the surface and grassed waterways help to prevent 
excessive soil loss. In some areas applying mechanical 
water erosion-control measures, such as contour 
farming and terracing, is difficult because of the short 
slopes and the irregular topography. In many areas, 
however, these measures are suitable. Returning crop 
residue to the soil and regularly adding other organic 
material improve fertility, reduce crusting, and increase 
the rate of water infiltration. 

The use of this soil as pasture is effective in 
controlling erosion, Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poorer tilth. Proper 
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stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

This soil is moderately suited to trees, and a few 
small areas remain in native hardwoods. Careful site 
selection is needed when laying out logging trails or 
roads on this soil to reduce the hazard of erosion. 
Laying out trails or roads on or nearly on the contour 
will help to control erosion. The slope makes the 
operation of equipment somewhat hazardous. Special 
equipment and caution in its use are needed. Seedlings 
survive and grow well. 

The land capability classification is Ille. 


236F—Lester loam, 14 to 25 percent slopes. This 
moderately steep and steep, well drained soil is on 
convex side slopes on uplands. Individual areas 
typically range from 4 to 20 acres in size, but some are 
as large as 150 acres. The areas are irregularly 
shaped. 

Typically. the surface layer is very dark grayish 
brown. friable loam about 8 inches thick. The subsoil is 
friable and about 27 inches thick. The upper part is 
brown clay loam, the next part is dark yellowish brown 
clay loam, and the lower part is dark yellowish brown 
loam. The substratum to a depth of about 60 inches is 
yellowish brown, mottled, calcareous sandy loam. In 
places the subsoil contains less clay and more sand. In 
a few places the surface layer is thinner. 

Included with this soil in mapping are small areas of 
Spillville and Sunburg soils. Spillville soils are on foot 
slopes and in small, concave drainageways that extend 
into uplands. Sunburg soils are on the steepest, most 
convex part of slopes. Included soils make up about 10 
percent of the map unit. 

Permeability of this Lester soil is moderate, and 
runoff is rapid. Available water capacity is high, but 
commonly this potential is not reached because of the 
rapid runoff and reduced surface infiltration. The content 
of organic matter is about 2.5 to 3.5 percent in the 
surface layer. The subsoil generally has a medium 
supply of available phosphorus and a very low supply of 
available potassium. This soil generally has fair tilth. 

Most areas are used as pasture or left in timber, but 
a few are cultivated. This soil is unsuited to cultivated 
crops because of the steep slopes and the severe 
hazard of water erosion. It is best suited to pasture or 
timber. Major management concerns are the hazard of 
water erosion, water management, and fertility. The 
amount of water available for plant growth is commonly 
low because of rapid runoff. Management should 
maintain an adequate vegetative cover, help to prevent 
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excessive soil loss, and improve the water supply 
capacity of the soil by reducing runoff and the rate of 
drying. Growth of vegetation, except for trees, generally 
is poor and total production is low. 

If this soil is used as pasture, proper stocking rates, 
timely deferment of grazing, and planned, uniform 
rotation grazing help to keep the pasture in good 
condition. Grazing can damage trees and seedlings, 
and reduce their value as timber and as habitat for 
wildlife. This soil is well suited to use as wildlife habitat 
because many areas have returned to their natural 
state. 

This soil is moderately suited to trees, and a few 
areas remain in native hardwoods. Careful site selection 
is needed when laying out logging trails and roads on 
this soil to reduce the hazard of erosion. Laying out the 
trails or roads on or nearly on the contour will help to 
control erosion. Because of the slope the operation of 
equipment is hazardous. Special equipment and caution 
in its use are needed. Seedlings survive and grow well. 

The land capability classification is Vle. 


259—Biscay clay loam, 32 to 40 inches to sand 
and gravel, 0 to 2 percent slopes. This nearly level, 
poorly drained soil is on glacial outwash plains and 
stream terraces. Individual areas typically range from 4 
to 15 acres in size, but some are as large as 25 acres. 
They are irregularly shaped. 

Typically, the surface layer is biack, friable clay loam 
about 9 inches thick. The subsurface layer is friable 
clay loam about 9 inches thick. The upper part is black, 
and the lower part is very dark gray and mottled. The 
subsoil is friable and about 18 inches thick. The upper 
and middle parts are olive gray, mottled clay loam; and 
the lower part is olive gray, mottled sandy loam. The 
substratum to a depth of about 60 inches is dark 
grayish brown, mottled, calcareous gravelly loamy sand. 
In a few places the depth to sand and gravel is less 
than 32 inches, and the surface layer and the subsoil 
contain more sand and less clay. 

Permeability of this Biscay soil is moderate in the 
solum and rapid in the substratum. Runoff is slow. The 
soil has a seasonal high water table. Available water 
capacity is moderate. The content of organic matter is 
about 5.5 to 6.5 percent in the surface layer. The 
subsoil generally has a very low supply of available 
phosphorus and potassium. This soil generally has fair 
tilth. 

Most areas are cultivated. This soil is vvell suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. VVetness is the main 
limitation. Drainage is essential for best crop production. 
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Drainage can be improved by installing underground 
drains. These drains function well, but in some places 
the instability of the substratum makes installation 
difficult. This soil not only is seasonally wet but also is 
droughty, especially if rainfall is below average or 
untimely. This soil is subject to soil blowing if it is 
plowed in fall or if the surface is left bare. A system of 
conservation tillage that leaves crop residue on the 
surface helps to control soil blowing and to conserve 
moisture. Returning crop residue to the soil and 
regularly adding other organic material improve fertility, 
reduce crusting, and increase the rate of water 
infiltration. 

The use of this soil as pasture is effective in 
controlling erosion. Proper stocking rates, pasture 
rotation, timely deferment of grazing, and restricted use 
during wet periods help to keep the pasture in good 
condition. 

The land capability classification is Ilw. 


274—Rolfe silty clay loam, 0 to 1 percent slopes. 
This level, very poorly drained soil is in shallow 
depressions on uplands and stream terraces. It is 
subject to ponding. Individual areas are circular. They 
range from 2 to 5 acres in size, although a few are as 
large as 25 acres. 

Typically, the surface layer is black, friable silty clay 
loam about 9 inches thick. The subsurface layer is 
friable silt loam about 12 inches thick and is mottled. 
The upper part is very dark gray, and the lower part is 
dark gray. The subsoil is about 39 inches thick, and is 
mottled. The upper and middle parts are olive gray, firm 
silty clay loam; and the lower part is olive gray, friable 
sandy clay loam. 

Permeability of this Rolfe soil is slow, and runoff is 
very slow. The soil has a seasonal high water table. 
Available water capacity is high. Shrink-swell potential 
is high. The content of organic matter is about 3.5 to 5 
percent in the surface layer. The subsoil generally has 
a very low supply of available phosphorus and a low 
supply of available potassium. This soil generally has 
fair tilth. 

Most areas are cultivated. VVetness is the main 
limitation. If adequately drained, this soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses for pasture. It is poorly suited to legumes for 
hay. Most areas of this soil are within areas of other 
soils that are well suited to row cropping. and adequate 
drainage is needed for best yields. Most areas, 
however, are ponded in spring and after heavy rains. 
Underground drains do not remove water adequately 
because the subsoil is high in clay and is slowly 
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permeable. Drains need to be more closely spaced in 
this soil than in other depressional soils in the county. 
Shallow surface ditches and surface intakes for 
underground drains are needed to remove excess 
surface water and to reduce ponding. Even when 
drainage is improved, this soil is slower to dry than 
surrounding soils, and tillage is often delayed in spring 
and after heavy rains. Crop growth is only moderate, 
and winterkill and drowning out of legumes are 
common. 

Hay and pasture crops that tolerate wetness and 
short periods of ponding are needed on this soil. This 
soil generally is managed with the surrounding soils. 

The land capability classification is lllw. 


288—Ottosen clay loam, 1 to 3 percent slopes. 
This very gently sloping, somewhat poorly drained soil 
is on gentle, convex slopes or in slightly concave 
positions on uplands. It formed in loamy glacial or 
lacustrine sediments and the underlying glacial till. 
Individual areas range from 4 to 45 acres in size and 
are irregularly shaped. 

Typically, the surface layer is black, friable clay loam 
about 8 inches thick. The subsurface layer is friable and 
about 11 inches thick. The upper part is black clay 
loam, and the lower part is very dark grayish brown silty 
clay loam. The subsoil is friable and about 16 inches 
thick. The upper part is dark grayish brown silty clay 
loam, and the lower part is grayish brown, mottled clay 
loam. The substratum to a depth of about 60 inches is 
mottied olive gray and olive brown, calcareous loam. 

Included with this soil in mapping are small areas of 
Kossuth soils. Kossuth soils are poorly drained and are 
in the more level areas. They make up about 5 percent 
of the map unit. 

Permeability of this Ottosen soil is moderately slow, 
and runoff is slow. The soil has a seasonal high water 
table. Available water capacity is high. The content of 
organic matter is about 5 to 6 percent in the surface 
layer. The subsoil generally has a very low supply of 
available phosphorus and potassium. This soil generally 
has good tilth. 

Most areas are cultivated. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. Erosion generally is not a 
problem on this soil. However, if the soil is fall plowed, 
the surface layer is subject to soil blowing. A system of 
conservation tillage that leaves crop residue on the 
surface helps to prevent excessive soil loss from soil 
blowing. Returning crop residue to the soil and delaying 
tillage when the soil is wet help to maintain good tilth. 
This soil generally is not drained, but in areas where it 
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borders Kossuth or Canisteo soils it is wet in years of 
above-normal rainfall. Drainage in these areas improves 
timeliness of fieldwork. 

If this soil is used as pasture, overgrazing or grazing 
when the soil is wet causes surface compaction and 
poor tilth. Proper stocking rates, pasture rotation, timely 
deferment of grazing, and restricted use during wet 
periods help to keep the pasture in good condition. 

The land capability classification is !. 


308—Wadena loam, 32 to 40 inches to sand and 
gravel, 0 to 2 percent slopes. This nearly level, well 
drained soil is on slightly convex slopes in upland 
glacial outwash areas and on stream terraces. 
Individual areas range from 5 to 60 acres in size and 
are irregularly shaped. 

Typically. the surface layer is black, friable loam 
about 10 inches thick. The subsurface layer is black 
and very dark grayish brown, friable loam about 8 
inches thick. The subsoil is friable loam about 15 inches 
thick. The upper part is brown, and the lower part is 
brown and dark yellowish brown. The substratum to a 
depth of about 60 inches is yellowish brown and brown, 
calcareous gravelly coarse sand. In some places the 
subsoil is sandy loam. In a few places the surface layer 
is more than 24 inches. 

Permeability of this Wadena soil is moderate in the 
solum and very rapid in the substratum. Runoff is slow. 
Available water capacity is moderate. The content of 
organic matter is about 3 to 4 percent in the surface 
layer. The subsoil generally has a very low supply of 
available phosphorus and potassium. This soil generally 
has good tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. A lack of 
available water frequently limits crop growth in parts of 
most growing seasons, especially in years when rainfall 
is below average or untimely. Small grain and tegumes 
for hay or pasture generally do better than row crops. 
When tilled, the surface layer dries rapidly, and 
commonly is subject to soil blowing, especially if fall 
plowed or if'the surface layer is left bare. A system of 
conservation tillage that leaves crop residue on the 
surface and the regular addition of other organic 
material improve fertility, conserve moisture, and help to 
control soil blowing. 

The use of this soil as pasture is effective in 
controlling soil blowing. Proper stocking rates, pasture 
rotation, and timely deferment of grazing help to keep 
the pasture in good condition. 

The land capability classification is IIs. 
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308B—Wadena loam, 32 to 40 inches to sand and 
gravel, 2 to 5 percent slopes. This gently sloping, well 
drained soil is on convex slopes in upland glacial 
outwash areas and on stream terraces. Individual areas 
range from 5 to 15 acres in size and are irregularly 
shaped. 

Typically, the surface layer is black, friable loam 
about 10 inches thick. The subsurface layer is black 
and very dark grayish brown, friable loam about 7 
inches thick. The subsoil is friable loam about 16 inches 
thick. The upper part is brown, and the lower part is 
brown and dark yellowish brown. The substratum to a 
depth of about 60 inches is yellowish brown and brown, 
calcareous gravelly coarse sand. In a few places the B 
horizon is sandy loam. In places the sand and gravel 
are at a depth of less than 32 inches. 

Permeability of this Wadena soil is moderate in the 
solum and very rapid in the substratum. Runoff is 
medium. Available water capacity is moderate. The 
content of organic matter is about 3 to 4 percent in the 
surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has good tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. A lack of 
available water frequently limits crop growth in parts of 
most growing seasons, especially in years when rainfall 
is below average or untimely. Small grain and legumes 
for hay and pasture generally do better than row crops. 
Water erosion and soil blowing are hazards if this soil is 
fall plowed or if the surface layer is left bare. A system 
of conservation tillage that leaves crop residue on the 
surface slows drying and helps to control erosion. In 
some areas slopes can be farmed on the contour. 
Terraces generally are not constructed on this soil 
because of the hazard of exposing the sand and gravel 
substratum. 

The use of this soil as pasture is effective in 
controlling erosion. Proper stocking rates, pasture 
rotation, and timely deferment of grazing help to keep 
the pasture in good condition. 

The land capability classification is lle. 


335—Harcot clay loam, 0 to 2 percent slopes. This 
nearly level, poorly drained, calcareous soil is on low- 
lying, glacial outwash areas. Some areas are on 
narrow, convex rims surrounding slight depressions. 
Individual areas are irregularly shaped. They typically 
range from 5 to 30 acres in size, but some are as large 
as 180 acres. 

Typically, the surface layer is black, friable, 
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calcareous clay loam about 9 inches thick. The 
subsurface layer is friable and calcareous, and is about 
11 inches thick. The upper part is black loam, and the 
lower part is very dark gray sandy loam. The subsoil is 
olive gray, mottled, very friable, calcareous sandy loam 
about 12 inches thick. The substratum to a depth of 
about 60 inches is olive gray and olive, calcareous fine 
sand. In a few places sand is at a depth of less than 24 
inches. 

Included with this soil in mapping are a few small 
areas of Biscay soils. Biscay soils are very poorly 
drained and are in depressions. They make up less 
than 5 percent of the map unit. 

Permeability of this Harcot soil is moderate in the 
solum and very rapid in the substratum. Runoff is slow, 
and in some places the soil is ponded. The soil has a 
seasonal high water table. Available water capacity is 
moderate. The content of organic matter is about 4.5 to 
5.5 percent in the surface layer. The subsoil generally 
has a very low supply of available phosphorus and 
potassium. The supply of available iron also is 
seriously deficient, and some minor elements are 
likely to be in short supply. This soil generally has 
fair tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. Wetness is the 
main limitation. If this soil is used for cultivated crops, 
adequate drainage is needed to reduce wetness and to 
provide proper aeration and a deep root zone for plants. 
Underground drains work well, but installing them can 
be difficult because of the instability of the substratum. 
Because of an excess of calcium carbonate in this soil, 
applying larger amounts of fertilizer is needed. Carry- 
over and sensitivity of some herbicides are problems. 
Special fertilization and careful selection of herbicides 
are needed. In some years of excessive rainfall, crops 
may be lost in some areas of this soil because of 
ponding of the adjacent depressions. Excessive tillage 
readily destroys the weak soil structure. Also, the tilled 
areas are highly susceptible to soil blowing when the 
surface layer dries and is left bare. A system of 
conservation tillage that leaves crop residue on the 
surface and the regular addition of other organic 
material improve the soil structure and help to control 
soil blowing. 

If this soil is used as pasture, proper stocking rates, 
pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. 

The land capability classification is Ilw. 
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348—Fieldon loam, 0 to 2 percent slopes. This 
nearly level, poorly drained, calcareous soil is on glacial 
outwash plains and upland flats. Individual areas range 
from 5 to 120 acres and are irregularly shaped. A few 
areas are as large as 400 acres or more. 

Typically, the surface layer is black, friable, 
calcareous loam about 7 inches thick. The subsurface 
layer is friable, calcareous sandy clay loam about 14 
inches thick. The upper part is black, and the lower part 
is very dark gray. The subsoil is very friable, calcareous 
fine sandy loam, and is mottled. It is about 15 inches 
thick. The upper part is olive gray, and the lower part is 
olive gray and pale olive. The substratum to a depth of 
about 60 inches is mottled olive gray and light olive 
brown, calcareous loamy fine sand. in some places the 
surface layer is more than 24 inches thick. 

Included with this soil in mapping are smail areas of 
Harcot, Harpster, and Okoboji soils. Harcot soils are 
highly calcareous. Harpster soils have more silt and 
less sand in the solum and the substratum. In addition, 
Harcot and Harpster soils have a distinctly lighter 
surface color when dry and are on narrow rims next to 
depressions. Okoboji soils are very poorly drained and 
are in slight depressions. Okoboji soils are wetter and 
are subject to ponding after rains. Included soils make 
up about 5 to 10 percent of the map unit. 

Permeability of this Fieldon soil is moderate in the 
solum and rapid in the substratum. Runoff is slow. The 
soil has a seasonal high water table. Available water 
capacity is moderate. The content of organic matter is 
about 4 to 5 percent in the surface layer. The subsoil 
generally has a very low supply of available phosphorus 
and potassium. This soil generally has fair tilth. 

Most areas are drained and cultivated. This soil is 
moderately suited to corn, soybeans, and small grain 
and to grasses and legumes for hay or pasture. 
Wetness is the main limitation. Drainage is essential for 
best crop production. Underground drains function well 
in the soil, but installing them may be difficult because 
of the instability of the substratum. Because of an 
excess of calcium carbonate in this soil, applying 
fertilizer in larger amounts is needed. Carry-over and 
sensitivity of herbicides are problems on this soil. This 
soil is subject to soil blowing if it is plowed in the fall 
and if the surface is left bare. A system of conservation 
tillage that leaves crop residue on the surface helps to 
control soil blowing, improves fertility, and maintains 
tilth. 

This soil is suited to use as pasture. Proper stocking 
rates, pasture rotation, timely deferment of grazing, and 
restricted use during vvet periods help to keep the 
pasture in good condition. 
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The land capability classification is Iw. 


384—Collinwood silty clay loam, 0 to 2 percent 
slopes. This nearly level, somewhat poorly drained soil 
is on low rises on ridgetops on uplands. Individual 
areas range from 5 to 30 acres in size and are 
irregularly shaped. 

Typically, the surface layer is black, firm silty clay 
loam about 8 inches thick. The subsurface layer is 
black. firm silty clay about 9 inches thick. The subsoil is 
firm silty clay about 19 inches thick. The upper part is 
dark grayish brown, the next part is dark grayish brown 
and mottled, and the lower part is grayish brown and 
mottled. The substratum to a depth of about 60 inches 
is grayish brown, mottled, calcareous silty clay loam. 

Included with this soil in mapping are a few small 
areas of Vinje soils. Vinje soils are better drained and 
are more sloping than Collinwood soils. They make up 
less than 5 percent of the map unit. 

Permeability of this Collinwood soil is moderately 
slow or slow, and runoff is slow. The soil has a 
seasonal high water tabie. Available water capacity is 
high. Shrink-swell potential is high. The content of 
organic matter is about 5 to 6 percent in the surface 
layer. The subsoil generally has a very low supply of 
available phosphorus and potassium. This soil generally 
has fair tilth. 

Most areas are cultivated. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. This soil has a seasonal 
high water table, and most areas are artificially drained 
to improve the timeliness of field operations. Tile drains 
do not always function well, and will need closer 
spacing than on soils that have less clay in the subsoil. 
The surface layer typically needs special care to 
maintain tilth. If worked when too wet, the surface layer 
becomes hard and cloddy upon drying. It is highly 
susceptible to soil blowing, especially if the soil is 
plowed in fall or if the surface is left bare. A system of 
conservation tillage that leaves crop residue on the 
surface and regular addition of other organic material 
help to control erosion, increase the rate of water 
infiltration, and improve tilth and fertility. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
Soil is too wet, however, causes surface compaction, 
reduces infiltration. and increases runoff. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is Ilw. 
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384B—Collinwood silty clay loam, 2 to 5 percent 
slopes. This gently sloping, somewhat poorly drained 
soil is on low rises on ridgetops and on slightly concave 
side slopes on uplands. Individual areas range from 5 to 
15 acres in size and are irregularly shaped. 

Typically, the surface layer is black, firm silty clay 
loam about 8 inches thick. The subsurface layer is firm 
and about 14 inches thick. The upper part is black silty 
clay loam, and the lower part is black and very dark 
gray silty clay. The subsoil is firm silty clay about 16 
inches thick. The upper part is dark grayish brown, and 
the lower part is olive brown and mottled. The 
substratum to a depth of about 60 inches is light olive 
brown, mottled, calcareous silty clay loam. 

Included with this soil in mapping are a few small 
areas of Vinje soils. Vinje soils are better drained and 
are in slightly higher landscape positions. They make 
up less than 5 percent of the map unit. 

Permeability of this Collinwood soil is moderately 
slow or slow, and runoff is medium. The soil has a 
seasonal high water table. Available water capacity is 
high. Shrink-swell potential is high. The content of 
organic matter is about 5 to 6 percent in the surface 
layer. The subsoil generally has a very low supply of 
available phosphorus and potassium. This soil generally 
has fair tilth. 

Most areas are cultivated. This soil is moderately well 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, the hazard of water erosion is 
greater on this soil than on some soils on similar 
slopes. On this soil, the higher clay content reduces the 
rate of infiltration and increases runoff. In some areas 
applying mechanical erosion-control measures, such as 
contour farming and terracing, is difficult because of the 
undulating topography and the short slopes. In many 
areas, however, these measures are suitable. This soil 
is susceptible to soil blowing, especially if it is fall 
plowed or if the surface is left bare. The surface layer 
typically needs special care to maintain tilth. A system 
of conservation tillage that leaves crop residue on the 
surface and the regular addition of other organic 
material help to reduce runoff, increase the rate of 
water infiltration, help to control erosion, and improve 
fertility. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
Soil is too wet, however, causes surface compaction, 
reduces infiltration, and increases runoff. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 
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The land capability classification is Ile. 


388—Kossuth silty clay loam, 0 to 2 percent 
slopes. This nearly level, poorly drained soil is in 
swales or nearly level areas on uplands. Most areas 
range from 5 to 40 acres in size, and a few areas are 
as large as 160 acres in size. They are irregularly 
shaped. but some areas in drainageways are long and 
narrow. 

Typically, the surface layer is black, firm silty clay 
loam about 7 inches thick. The subsurface layer is firm 
silty clay loam about 13 inches thick. The upper part is 
black, and the lower part is very dark gray and mottled. 
The subsoil is about 19 inches thick. The upper part is 
olive gray, mottled, firm silty clay loam; and the lower 
part is olive gray, mottled, friable, calcareous loam. The 
substratum to a depth of about 60 inches is olive gray, 
mottled, calcareous loam. 

Included with this soil in mapping are small areas of 
Okoboji soils in depressions. Okoboji soils are very 
poorly drained and are in small depressions. They make 
up less than 5 percent of the map unit. 

Permeability of this Kossuth soil is moderately slow, 
and runoff is slow. The soil has a seasonal high water 
table. Available water capacity is high. Shrink-swell 
potential is high. The content of organic matter is about 
6 to 7 percent in the surface layer. The subsoil 
generally has a very low supply of available phosphorus 
and potassium. This soil generally has fair tiith. 

Most areas are cultivated. The soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. The main limitation is 
wetness. Installation of underground drains is essential 
for best crop production. These drains function more 
slowly in this soil because the fine textured subsoil 
restricts water movement. Drains must be more closely 
spaced in this soil to adequately remove excess water. 
Special care is needed to maintain tilth in the surface 
layer, Cultivation when the soil is too wet causes 
surface compaction and cloddiness. The surface layer 
is susceptible to soil blowing, especially if it is plowed in 
the fall and left bare. A system of conservation tillage 
that leaves crop residue on the surface helps to control 
soil blowing and improves fertility. 

If this soil is used as pasture, overgrazing or grazing 
when the soil is wet damages forage plants and causes 
surface compaction, which results in poorer tilth and a 
reduction in the rate of water infiltration. Proper stocking 
rates, pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. 

The land capability classification is Ilw. 
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390—Waldorf silty clay, 0 to 2 percent slopes. This 
nearly level, poorly drained soil is on upland flats and in 
swales. Individual areas range from 5 to 30 acres in 
size and are irregularly shaped. A few areas are as 
large as 120 acres in size. 

Typically, the surface layer is black, firm silty clay 
about 8 inches thick. The subsurface layer is firm silty 
clay about 13 inches thick. The upper part is black, and 
the lower part is very dark gray and mottled. The 
subsoil is olive gray, mottled, firm silty clay about 16 
inches thick. The substratum to a depth of about 60 
inches is olive gray, mottled, calcareous silty clay loam. 
In a few places the surface layer is more than 24 inches 
thick. In places glacial till is above a depth of 40 inches. 

Permeability of this Waldorf soil is moderately slow, 
and runoff is slow. The soil has a seasonal high water 
table. Available water capacity is high. Shrink-swell 
potential is high. The content of organic matter is about 
6 to 7 percent in the surface layer. The subsoil 
generally has a very low supply of available phosphorus 
and potassium. This soil generally has poor tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and smail grain and to 
grasses and legumes for hay or pasture. Wetness is the 
main limitation. Installation of underground drains is 
essential for best crop production. Underground drains 
function more slowly in this soil than in most others in 
the county. Drains must be more closely spaced in this 
sail to remove excess water. Special care is needed to 
maintain tilth in the surface layer. Cultivation when the 
soil is too wet causes surface compaction and 
cloddiness. Soil heaving commonly damages legumes, 
and in some areas the legumes are drowned out by 
ponding. This soil is susceptible to soil blowing, 
especially if large areas are plowed in the fall and the 
soil surface is left bare. A system of conservation tillage 
that leaves crop residue on the surface helps to control 
soil blowing. 

If this soil is used as pasture, overgrazing or grazing 
when the soil is too wet causes surface compaction and 
poorer tilth. Proper stocking rates, pasture rotation, 
timely deferment of grazing, and restricted use during 
wet periods help to keep the pasture in good condition. 

The land capability classification is |lw. 


485B—Spillville loam, 2 to 5 percent slopes. This 
gently sloping, moderately well drained soil is on upland 
foot slopes. Individual areas range from 4 to 10 acres in 
size, but some are as large as 35 acres. They are long 
and narrow. 

Typically, the surface layer is black, friable loam 
about 7 inches thick. The subsurface layer is black, 
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- friable loam about 41 inches thick. The next layer to a 
depth of about 60 inches is very dark grayish brown, 
mottled, friable loam. In a few places the surface layer 
is thinner. In places the surface layer is sandy loam. 

Included with this soil in mapping are some areas of 
Clarion soils. Clarion soils have a thinner surface layer 
and are in higher landscape positions. They make up 
about 2 to 5 percent of the map unit. 

Permeability of this Spillville soil is moderate, and 
runoff is slow. The soil has a seasonal high water table. 
Available water capacity is high. The content of organic 
matter is about 4 to 5 percent in the surface layer. The 
subsurface generally has a very low supply of avaitable 
phosphorus and potassium. This soil generally has 
good tilth. 

Most areas are cultivated, but some areas adjacent 
to steep slopes are used as pasture. This soil is well 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, water erosion is a hazard. A 
system of conservation tillage that leaves crop residue 
on the surface helps to prevent excessive soil loss. 
Diversion terraces installed upslope of Spillville soils 
help to reduce runoff. Gullies may form in shallow 
drainageways. These areas can be shaped and seeded 
and used as waterways. This soil generally is managed 
with surrounding soils. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
Soil is too wet, however, causes surface compaction 
and poorer tilth. Proper stocking rates, pasture rotation, 
timely deferment of grazing, and restricted use during 
wet periods help to keep the pasture in good condition. 

The land capability classification is Ile. 


506—Wacousta silty clay loam, 0 to 1 percent 
slopes. This level, very poorly drained soil is in shallow 
upland depressions. It is subject to ponding. Individual 
areas range from 5 to 40 acres in size and are circular. 

Typically. the surface layer is black, friable silty clay 
loam about 9 inches thick. The subsurface layer is 
black, friable silty clay loam about 6 inches thick. The 
subsoil is olive gray, mottled, friable, calcareous silty 
clay loam about 9 inches thick. The substratum to a 
depth of about 60 inches is olive gray, mottled, 
calcareous silt loam. In a few places the surface layer is 
thicker. In places the solum is calcareous. 

Included with this soil in mapping are a few small 
areas of Harps soils. Harps soils are highly calcareous 
and are on small rises. They make up less than 5 
percent of the map unit. 

Permeability of this Wacousta soil is moderate, and 
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runoff is slow or ponded. The soil has a seasonal high 
water table. Available water capacity is high. Shrink- 
swell potential is high. The content of organic matter is 
about 8 to 10 percent in the surface layer. The subsoil 
generally has a very low supply of available phosphorus 
and a low supply of available potassium. This soil 
generally has fair tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. Drainage is 
the main limitation. Because ponding often drowns out 
legumes and delays planting, drainage is essential for 
crop production. Underground drainage works well. In 
some areas drainage needs to be supplemented by 
shallow surface ditches, surface intakes to the 
underground drainage system, or a combination of both. 
Special care is needed to maintain tilth in the surface 
layer. If this soil is worked when too wet, the surface 
layer puddles and becomes hard and cloddy when dry. 

Areas in which drainage cannot be improved to make 
crop yields dependable can be used as pasture. 
However, forage species that tolerate wetness and 
ponding are needed. If this soil is used as pasture, 
grazing when the soil is too wet causes surface 
compaction and damages crops. Proper stocking rates, 
timely deferment of grazing, and restricted use during 
wet periods help to keep the pasture in good condition. 

The land capability classification is lllw. 


507—Canisteo clay loam, 0 to 2 percent slopes. 
This nearly level, poorly drained, calcareous soil is on 
upland flats and in swales. Areas range from 5 to 100 
acres in size and are irregularly shaped. 

Typically, the surface layer is black, friable, 
calcareous clay loam about 8 inches thick. The 
subsurface layer is friable, calcareous clay loam about 
13 inches thick. The upper part is black, and the lower 
part is very dark gray and mottled. The subsoil is friable 
and calcareous, and is about 22 inches thick. The upper 
part is dark gray, mottled clay loam; the next part is 
olive gray, mottled clay foam; and the lower part is olive 
gray, mottled loam. The substratum to a depth of about 
60 inches is olive gray, mottled, calcareous loam. In 
places the surface layer is more than 24 inches thick. 

Included with this soil in mapping are some small 
areas of Crippin, Harps, and Okoboji soils. Crippin soils 
are somewhat poorly drained and are in higher 
landscape positions. The highly calcareous Harps soils 
are located around the rims of depressions. The very 
poorly drained Okoboji soils tend to pond water after 
rains and are in small depressions. Included soils make 
up less than 5 percent of the map unit. 
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Permeability of this Canisteo soil is moderate, and 
runoff is slow. The soil has a seasonal high water table. 
Available water capacity is high. The content of organic 
matter is about 6 to 7 percent in the surface layer. The 
subsoil generally has a very low supply of available 
phosphorus and potassium. This soil generally has fair 
tilth. 

Most areas are cultivated. VVetness is the main 
limitation. If adequately drained, this soil is well suited 
to corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. Tile drains are needed to 
remove excess subsurface water. Special care is 
needed to maintain tilth in the surface layer. Cultivating 
when the soil is too wet causes surface compaction and 
cloddiness. This soil is susceptible to soil blowing, 
especially if it is fall plowed or the surface is left bare. 
Returning crop residue to the soil and regularly adding 
other organic material help to control soil blowing and to 
prevent surface crusting and increase the rate of water 
infiltration. Because of the high content of calcium 
carbonate in the soil, larger applications of fertilizer are 
needed because of the lower availability of plant 
nutrients. Carry-over and sensitivity of some herbicides 
are problems on this soil. In areas where soybeans are 
grown, varieties should be selected that tolerate high- 
lime soils. 

This soil is also suited to use as pasture. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing. and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is |lw. 


511—Blue Earth mucky silt loam, 0 to 1 percent 
slopes. This level, very poorly drained, highly 
calcareous soil is in depressions that formerly contained 
water much of the time. It is subject to ponding. Some 
areas are in former shallow lakebeds that have been 
drained. Individual areas range from about 10 to 60 
acres in size and are circular. 

Typically. the surface layer is black, calcareous 
mucky silt loam about 7 inches thick. The layer below 
that. to a depth of about 60 inches, is very dark gray, 
mottled, calcareous mucky silt loam. In places the 
surface layer does not have free carbonates. In a few 
places the substratum has a texture of loamy fine sand 
below a depth of 30 inches. 

Permeability of this Blue Earth soil is moderate, and 
runoff is slow or ponded. The soil has a seasonal high 
water table. Available water capacity is very high. The 
content of organic matter is more than 15 percent in the 
surface layer. The surface layer has a very low supply 
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of available phosphorus and potassium. This soil 
generally has good tilth. 

This soil is moderately suited to cultivated crops. 
Drainage is the main limitation. Ponding after excessive 
rainfall sometimes damages or destroys crops before 
tile drains can remove excess water. Because of very 
low availability of some plant nutrients, high organic 
matter content, and the high concentration of calcium 
carbonate, special emphasis of the fertility program is 
needed for best crop yields. If drainage is adequate and 
the soil is fertilized and managed correctly, row crops 
grow fairly well. Small grain, however, tends to lodge 
badly and to produce harvests of poor quality. The soil 
is slow to warm in spring, and planting is often delayed. 
Frost will often injure crops in late spring and early fall. 
The use of early maturing varieties helps to reduce loss 
as a result of late planting and early frost. Soil blowing 
can be a problem if the surface is left bare, especially 
when larger areas are fall plowed. A system of 
conservation tillage that leaves crop residue on the 
surface helps to control soil blowing. 

Partially drained areas of this soil are suitable for 
permanent pasture consisting of species, such as reed 
canarygrass, that tolerate excess wetness. Legumes for 
hay grow poorly on this soil and are often winterkilled. 
Undrained areas generally are well suited to use as 
wildlife habitat. 

The land capability classification is lllw. 


524—Linder sandy loam, 32 to 40 inches to sand 
and gravel, 0 to 2 percent slopes. This nearly level, 
somewhat poorly drained soil is in upland outwash 
areas and on stream terraces. Individual areas range 
from 2 to 40 acres in size and are irregularly shaped. 

Typically, the surface layer is black, very friable 
sandy loam about 10 inches thick. The subsurface layer 
is very friable sandy loam about 11 inches thick. The 
upper part is very dark gray, and the lower part is very 
dark grayish brown. The subsoil is very friable sandy 
loam about 18 inches thick. The upper part is dark 
grayish brown, the next part is dark grayish brown and 
mottled, and the lower part is grayish brown and 
mottled. The substratum to a depth of about 60 inches 
is dark grayish brown, calcareous loamy coarse sand in 
the upper part and dark grayish brown and grayish 
brown, calcareous coarse sand in the lower part. 

Included with this soil in mapping are a few small 
areas of Biscay soils. Biscay soils are poorly drained 
and are lower on the landscape. They make up about 5 
percent of the map unit. 

Permeability of this Linder soil is moderately rapid in 
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the solum and very rapid in the underlying sand and 
gravel. Runoff is slow. The sail has a seasonal high 
water table. Available water capacity is moderate. The 
content of organic matter is about 3 to 4 percent in the 
surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has good tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. Water erosion 
generally is not a problem on this soil. When tilled, the 
surface layer dries out quickly and commonly is highly 
susceptible to soil blowing. Windblown sand damages 
or destroys young seedlings. A system of conservation 
tillage that leaves crop residue on the surface helps to 
control soil blowing and to conserve moisture. Returning 
crop residue to the soil and regularly adding other 
organic materia! improve fertility, reduce crusting, and 
increase the rate of water infiltration. 

The use of this soil as pasture is effective in 
controlling erosion. Proper stocking rates, pasture 
rotation, timely deferment of grazing, and restricted use 
during wet periods help to keep the pasture in good 
condition. 

The land capability classification is lis. 


562D2—Storden clay loam, 5 to 14 percent slopes, 
moderately eroded. This moderately sloping and 
strongly sloping, well drained, calcareous soil is on 
short. convex side slopes and on sharply convex knolls 
and ridges on uplands. Individual areas range from 3 to 
10 acres in size and are irregularly shaped. 

Typically, the surface layer is dark grayish brown, 
friable, calcareous clay loam about 7 inches thick. 
Plowing has mixed streaks and pockets of yellowish 
brown substratum material into the surface layer. The 
substratum to a depth of about 60 inches is calcareous 
clay loam. The upper part is yellowish brown, and the 
lower part is mottled olive brown. In a few places strata 
of silt are present in the substratum. In places the 
surface layer is darker in color. 

Included with this soil in mapping are some small 
areas of Bode and Vinje soils. Bode soils have a thicker 
surface soil and do not have carbonates in the solum. 
Vinje soils contain more silt and less sand in the solum 
and have a thicker surface soil. These included soils 
are on the less steeper part of the slope. They make up 
about 5 to 10 percent of the map unit. 

Permeability of this Storden soil is moderate, and 
runoff is rapid. Available water capacity is high. The 
content of organic matter is about 0.5 to 1 percent in 
the surface layer. The substratum generally has a very 
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low supply of available phosphorus and potassium. This 
Soil generally has fair tilth. 

Most areas are cultivated, but some are used as 
pasture. This soil is poorly suited to corn, soybeans, 
and small grain and to grasses and legumes for hay or 
pasture. If this soil is used for cultivated crops, further 
water erosion is a severe hazard. This soil is highly 
susceptible to soil blowing if it is tilled and if the soil 
surface is left bare. A system of conservation tillage that 
leaves crop residue on or mixed into the surface layer 
and grassed waterways help to prevent excessive soil 
loss. In places applying mechanical erosion-control 
measures, such as contour farming and terracing, is 
difficult because of the irregular topography and the 
short slopes. In many areas, however, these measures 
are suitable. Because the excess calcium carbonate in 
this soil restricts the availability of plant nutrients, larger 
than normal applications of fertilizers are needed. 
Carry-over and sensitivity of some herbicides are 
problems. The supply of available iron is sometimes 
deficient in this soil, and in places other available minor 
elements may be low. Returning crop residue to the soil 
and regularly adding other organic material increase 
organic matter content, improve fertility, and help to 
maintain tiith. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
Soil is too wet, however, causes surface compaction, 
increases runoff, and results in poorer tilth. Proper 
Stocking rates, pasture rotation, and timely deferment of 
grazing help to keep the pasture in good condition. 

The land capability classification is Ile. 


562E2—Storden clay loam, 14 to 18 percent 
slopes, moderately eroded. This moderately steep, 
well drained, calcareous soil is on convex side slopes, 
knolls, and ridges on uplands. Individual areas range 
from 3 to 10 acres in size and are irregularly shaped. 

Typically, the surface layer is dark grayish brown, 
friable clay loam about 7 inches thick. Plowing has 
mixed streaks and pockets of yellowish brown 
substratum material into the surface layer. The 
substratum to a depth of about 60 inches is calcareous 
clay loam. The upper part is yellowish brown, and the 
lower part is light olive brown and mottled. In a few 
places stratified silt is in the substratum. In places the 
light-colored substratum is exposed. 

Included with this soil in mapping are small areas of 
Bode soils. Bode soils have a thicker surface soil and 
do not have carbonates in the solum. They are on the 
less steep parts of slopes and make up about 5 to 10 
percent of the map unit. 
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Permeability of this Storden soil is moderate, and 
runoff is rapid. Available water capacity is high, but 
often the potential is not reached because of rapid 
runoff and reduced surface infiltration. The content of 
organic matter is about 0.5 to 1 percent in the surface 
layer. The substratum generally has a very low supply 
of available phosphorus and potassium. This soil 
generally has fair tilth. 

Most areas are cultivated, but some are used as 
pasture. This soil is poorly suited to corn and soybeans 
and is better suited to small grain and to grasses and 
legumes for hay or pasture. If this soil is used for 
cultivated crops, water erosion and soil blowing are 
severe hazards. Practices that control runoff and allow 
more water to enter the soil help to prevent excessive 
soil loss and to improve pasture and crop growth. A 
system of conservation tillage that leaves crop residue 
on the surface and grassed waterways help to prevent 
soil loss. In places applying mechanical erosion-control 
measures, such as contour farming and terracing, is 
difficult because of the irregular topography and the 
short, steep slopes. In many areas, however, these 
measures are suitable. Because of the excess calcium 
carbonate in this soil, larger than normal applications of 
fertilizer are needed because of low availability of plant 
nutrients. Carry-over and sensitivity of some herbicides 
are problems. The supply of available iron is sometimes 
deficient, and in places other available minor elements 
may be low. Returning crop residue to the soil and 
regularly adding other organic material increase organic 
matter content, improve fertility, and help to maintain 
tilth. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing. and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is IVe. 


562F2—Storden clay loam, 18 to 25 percent 
slopes, moderately eroded. This steep, well drained, 
calcareous soil is on convex side siopes on uplands. A 
few areas are on Steep hills and ridges and side slopes 
on uplands. Individual areas range from 4 to 12 acres in 
size and are irregularly shaped. 

Typically. the surface layer is dark grayish brown, 
friable clay loam about 5 inches thick. Plowing has 
mixed streaks and pockets of yellowish brown 
substratum material into the surface layer. The 
substratum to a depth of about 60 inches is calcareous 
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clay loam. The upper part is yellowish brown, and the 
lower part is olive brown and mottled. In a few places 
stratified silt is present in the substratum. In places the 
light-colored substratum is exposed. 

Permeability of this Storden soil is moderate, and 
runoff is rapid. Available water capacity is high, but 
often this potential is not reached because of rapid 
runoff and reduced surface infiltration. The content of 
organic matter is about 0.5 to 1 percent in the surface 
layer. The substratum generally has a very low supply 
of available phosphorus and potassium. This soil 
generally has fair tilth. 

Most areas are cultivated, but some are used as 
pasture or are left idle. This soil is unsuited to corn, 
soybeans, and smail grain but is better suited to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, water erosion and soil blowing 
are severe hazards. Practices that improve fertility, 
control runoff, and allow more water to enter the soil 
help to prevent excessive soil loss and are 
management concerns. Adding fertilizer dramatically 
increases plant growth for hay or pasture because of 
very low fertility. During periods of low rainfall, crops 
often do not have enough water for best yields, 
because of rapid runoff. Returning crop residue to the 
soil and regularly adding other organic material increase 
organic matter content, improve fertility, and help to 
maintain tilth. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing and overstocking the 
pasture reduces the protective vegetative cover and 
causes deterioration of grasses. Under these 
conditions, weeds invade and compete with grasses for 
available water and plant nutrients. Proper stocking 
rates, pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. 

The land capability classification is Vle. 


621—Houghton muck, 0 to 1 percent slopes. This 
level, very poorly drained, organic soil is in upland 
depressions that formerly contained water much of the 
time. This soil is subject to ponding. Individual areas 
are circular. They range from 15 to 30 acres in size, 
and some areas are as large as 160 acres. 

Typically, the organic surface layer is black, slightly 
sticky sapric material about 10 inches thick. The 
subsurface is black, slightly sticky sapric material about 
50 inches thick. 

Permeability of this Houghton soil is moderately slow 
to moderately rapid, and runoff is very slow or ponded. 
The soil has a seasonal high water table. Available 
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water capacity is very high. The content of organic 
matter is more than 20 percent in the surface layer. The 
surface soil generally has a very low supply of available 
phosphorus and potassium. This soil generally has 
good tilth. 

In most areas this soil is cultivated. It is poorly suited 
to row crops. Drainage is the main limitation. Runoff 
from adjacent slopes readily ponds on this soil, and 
periods of excessive rainfall sometimes damage or 
destroy crops before tile drains can remove the excess 
water. If this occurs early in the season, the land can be 
tilled and replanted. This soil is slow to warm in spring, 
and planting may be delayed. Because this soil is in 
low-lying areas and loses heat rapidly from the surface, 
frost often injures crops in late spring and early fall. 
Using early maturing varieties helps to reduce crop 
losses caused by late planting and early frost. This soil 
can be tilled within a wide range of moisture content. 
Fall plowing should be avoided on this soil because the 
surface layer dries quickly. Also, this soil is highly 
susceptible to soil blowing if it is not protected. A 
system of conservation tillage that leaves crop residue 
on the surface helps to control soil blowing. Because of 
the high organic matter content, herbicides are less 
effective on this soil unless the application rates are 
increased. Small grain tends to lodge badly and to 
produce harvests of poor quality. Legumes for hay grow 
poorly on this soil and are often winterkilled. 

Partially drained areas of this soil are suited to 
permanent pasture consisting of bluegrass, bromegrass, 
and reed canarygrass. Undrained areas generally are 
suited to use as wildlife habitat. 

The land capability classification is lllw. 


640C2—Sunburg sandy loam, 5 to 9 percent 
slopes, moderately eroded. This moderately sloping, 
well drained, calcareous soil is on knolls and sharply 
convex side slopes on uplands. Slopes generally are 
short. Individual areas range from 2 to 10 acres in size 
and are irregularly shaped. A few areas on side slopes 
adjacent to streams and drainageways range to about 
20 acres in size and are long and narrow. 

Typically, the surface layer is brown, friable, 
calcareous sandy loam about 7 inches thick. Plowing 
has mixed some streaks and pockets of yellowish 
brown substratum materiat into the surface layer. The 
substratum to a depth of about 60 inches is yellowish 
brown. calcareous sandy loam in the upper part and 
light olive brown, mottled, calcareous sandy loam in the 
lower part. In a few places where the soil has not been 
plowed, the surface layer is darker and thicker. Also, in 
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places the surface layer has been severely eroded, 
exposing the substratum. 

Included with this soil in mapping are small areas of 
Clarion and Salida soils. Clarion soils are deeper to 
carbonates, contain more organic matter in the surface 
layer, and are on the flatter parts of slopes. Salida soils 
contain more sand and coarse fragments in the solum. 
They are in similar landscape positions. The included 
soils make up about 10 percent of the map unit. 

Permeability of this Sunburg soil is moderately rapid, 
and runoff is medium. Available water capacity is 
moderate or high. The content of organic matter is 
about 1 to 1.5 percent in the surface layer. The subsoil 
generally has a very low supply of available phosphorus 
and potassium. This soil generally has fair tilth. 

Many areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, further water erosion is a 
severe hazard. This soil is highly susceptible to soil 
blowing if it is tilled and the soil is left bare. A system of 
conservation tillage that leaves crop residue on the 
surface, terraces, and grassed waterways help to 
prevent excessive soil loss. In some areas applying 
mechanical erosion-control measures, such as contour 
farming and terracing, is difficult because of the 
irregular topography and the short slopes. In many 
areas, however, these measures are suitable. Because 
of the excess of calcium carbonate in this soil, larger 
than normal applications of fertilizer are needed. Carry- 
over and sensitivity of some herbicides are problems. 
The supply of available iron is sometimes deficient in 
this soil, and in places other available minor elements 
may be low. Returning crop residue to the soil and 
regularly adding other organic material increase organic 
matter, improve fertility, and help to maintain tilth. 
Special fertilization and careful selection of herbicides 
generally are needed. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases surface runoff, and results in poor tilth. 
Proper stocking rates, pasture rotation, and timely 
deferment of grazing help to keep the pasture in good 
condition. 

The land capability classification is Ille. 


640D2—Sunburg sandy loam, 9 to 14 percent 
Slopes, moderately eroded. This strongly sloping, well 
drained, calcareous soil is on short convex side slopes 
and on sharply convex knolls and ridges in the rolling to 
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hilly uplands throughout most of the county. Individual 
areas of this soil range from 5 to 10 acres in size and 
are irregularly shaped. Some areas on side slopes 
adjacent to streams and drainageways may be as much 
as 20 acres in size and are long and narrow. 

Typically. the surface layer is brown, friable, 
calcareous sandy loam about 7 inches thick. Plowing 
has mixed some streaks and pockets of yellowish 
brown substratum material into the surface layer. The 
substratum to a depth of about 60 inches is calcareous 
sandy loam. The upper part is yellowish brown, and the 
lower part is light olive brown and mottled. In a few 
places that have not been plowed, the surface layer 
commonly is darker and thicker. Also, in places severe 
erosion has exposed the light-colored substratum. 

Included with this soil in mapping are small areas of 
Clarion and Salida soils. Clarion soils have more 
organic matter in the surface layer, are deeper to - 
carbonates, and are on the flatter parts of slopes. 
Salida soils contain more sand and coarse fragments. 
They are in similar landscape positions. Included soils 
make up about 10 percent of the map unit. 

Permeability of this Sunburg soil is moderately rapid, 
and runoff is medium. Available water capacity is 
moderate or high. The content of organic matter is 
about 0.5 to 1.5 percent in the surface layer. The 
subsoil generally has a very low supply of available 
phosphorus and potassium. The soil generally has fair 
tilth. 

Most areas are cultivated. This soil is poorly suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. If this soil is used for 
cultivated crops, further erosion is a hazard. This soil is 
highly susceptible to soil blowing if it is tilled and if the 
soil surface is left bare. A system of conservation tillage 
that leaves crop residue on the surface, terraces, and 
grassed waterways help to prevent excessive soil loss. 
In some areas applying mechanical erosion-control 
measures, such as contour farming and terracing, is 
difficult because of the irregular topography and the 
short slopes. In many areas, however, these measures 
are suitable. Because of an excess of calcium 
carbonate, larger applications of fertilizer are needed. 
Carry-over and sensitivity of some herbicides are 
problems. The supply of available iron is sometimes 
deficient in this soil, and in places other available minor 
elements may be low. Special fertilization and careful 
herbicide selection generally are needed. Returning 
crop residue to the soil and regularly adding other 
organic material increase organic matter, improve 
fertility, and help to maintain tilth. 

The use of this soil as pasture is effective in 
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controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poorer tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is ile. 


640E2—Sunburg sandy loam, 14 to 18 percent 
slopes, moderately eroded. This moderately steep, 
well drained, calcareous soil is on hills and ridges on 
uplands and on slopes along drainageways and small 
streams. Individual areas range from 3 to 8 acres in 
size and are irregularly shaped. Some areas on side 
slopes adjacent to streams and drainageways are as 
large as 15 acres in size and are long and narrow. 

Typically, the surface layer is brown and dark brown, 
friable, calcareous sandy loam about 7 inches thick. 
Plowing has mixed some streaks and pockets of brown 
substratum material into the surface layer. The 
substratum to a depth of about 60 inches is calcareous 
sandy loam. The upper part is brown, and the middle 
and lower parts are light olive brown and mottled. In 
many places erosion has exposed the light-colored 
substratum. 

Included with this soil in mapping are a few small 
areas of Clarion and Salida soils. Clarion soils have 
more organic matter in the surface layer, are deeper to 
carbonates, and are on the flatter parts of slopes. 
Salida soils contain more sand, are droughtier, and 
erode more easily. They commonly are on the more 
sharply convex parts of slopes. Included soils make up 
less than 10 percent of the map unit. 

Permeability of this Sunburg soil is moderately rapid, 
and runoff is rapid. Available water capacity is moderate 
or high. The content of organic matter is about 0.5 to 
1.5 percent in the surface layer. The subsoil generally 
has a very low supply of available phosphorus and 
potassium. This soil generally has fair tilth. 

Most areas are used for cultivated crops because 
they are associated with soils that are better suited to 
this use. This soil is poorly suited to corn and 
soybeans. It is better suited to small grain and to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, further erosion is a severe 
hazard. This soil is highly susceptible to soil blowing if it 
is tilled and if the soil is left bare. Practices that control 
runoff and allow more water to enter the soil help to 
prevent excessive soil loss and to improve pasture and 
crop growth. A system of conservation tillage that 
leaves crop residue on the surface, terraces, and 
grassed waterways help to prevent excessive soil loss. 
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In some areas applying mechanical erosion-control 
measures. such as contour farming and terracing, is 
difficult because of the irregular topography and the 
short, steep slopes. In many areas, however, these 
measures are suitable. Because of an excess of 
calcium carbonate in this soil, larger applications of 
fertilizer are needed. Carry-over and sensitivity of some 
herbicides are problems. The supply of available iron is 
sometimes deficient, and in places other available minor 
elements may be low. Returning crop residue to the soil 
and regularly adding other organic material increase 
organic matter, improve fertility, and help to maintain 
tiith. Special fertilization and careful selection of 
herbicides generally are needed. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poorer tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted grazing during wet periods help 
to keep the pasture in good condition. 

The land capability classification is IVe. 


640F2—Sunburg sandy loam, 18 to 25 percent 
slopes, moderately eroded. This steep, well drained, 
calcareous soil is mostly on convex side slopes 
adjacent to drainageways and streams throughout the 
county. Individual areas range from 5 to 15 acres in 
size. Areas along drainageways and streams are long 
and narrow, and other areas are irregularly shaped. 

Typically, the surface layer is brown, friable sandy 
loam about 7 inches thick. In areas that are cultivated, 
plowing has mixed some streaks and pockets of brown 
substratum material into the surface layer. The 
substratum to a depth of about 60 inches is mottled 
brown, calcareous sandy loam in the upper part and 
light olive brown, mottled, calcareous sandy loam in the 
middle and lower parts. In places erosion has exposed 
the light-colored substratum on the soil surface. In 
some places the slope is steeper. 

Included with this soil in mapping are small areas of 
Salida soils. Salida soils contain more sand and coarse 
fragments in the solum. They are in similar landscape 
positions and make up less than 5 percent of the map 
unit. 

Permeability of this Sunburg soil is moderately rapid, 
and runoff is rapid. Available water capacity is moderate 
or high. The content of organic matter is about 0.5 to 1 
percent in the surface layer. The substratum generally 
has a very low supply of available phosphorus and 
potassium. This soil generally has fair tilth. 

Almost all the acreage of this soil is used as pasture. 
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This soil is unsuited to cultivated crops because of the 
steep slopes and the severe hazard of further erosion. 
This soil is best suited to pasture. Further water erosion 
is a hazard, and low fertility limits plant growth. Crops 
often do not have enough water during periods of low 
rainfall because of rapid runoff. Conservation practices, 
such as improving fertility and controlling runoff so that 
more water can enter the soil, will improve plant growth. 
Overstocking and overgrazing the pasture reduces the 
protective vegetative cover and causes deterioration of 
the grasses. Under these conditions, weeds invade and 
compete with the grasses for available water and plant 
nutrients. Proper stocking rates, uniform grazing, timely 
deferment of grazing, and use of a planned grazing 
system help to keep the pasture and the soil in good 
condition. Ungrazed areas provide habitat for some 
species of wildlife. Applying fertilizer increases pasture 
dramatically. But fertilizer, together with renovation to 
establish more desirable and productive plant species, 
achieves more uniform and greater total production. An 
excess of calcium carbonate in this soil adversely 
affects the response of plants to fertilizer. 

The land capability classification is Vle. 


641B—Clarion-Sunburg complex, 2 to 5 percent 
slopes. These gently sloping, well drained soils are on 
knolls, ridges, and side slopes on uplands. The Clarion 
soil is on knolls and ridges and the lower parts of side 
slopes. The Sunburg soil is on knolls and the steepest 
part of side slopes. The two soils are in areas so 
intricately mixed or so small in size that mapping them 
separately is impractical. Individual areas range from 2 
to 8 acres in size and are irregularly shaped. They are 
about 60 percent Clarion soil and 40 percent Sunburg 
soil. 

Typically, the surface layer of the Clarion soil is 
black, friable loam about 8 inches thick. The subsurface 
layer is friable loam about 13 inches thick. The upper 
part is very dark brown, and the lower part is very dark 
grayish brown. The subsoil is friable loam about 24 
inches thick. The upper part is brown and dark 
yellowish brown, and the middle and lower parts are 
dark yellowish brown and yellowish brown. The 
substratum to a depth of about 60 inches is yellowish 
brown, calcareous loam. 

Typically, the surface layer of the Sunburg soil is 
brown, friable, calcareous sandy loam about 8 inches 
thick. The substratum to a depth of about 60 inches is 
calcareous sandy loam. The upper part is yellowish 
brown, and the lower part is grayish brown and mottled. 
In a few places where the soil has not been plowed, the 
surface layer commonly is darker. 
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Permeability is moderate in the Clarion soil and 
moderately rapid in the Sunburg soil. Runoff is medium. 
Available water capacity is high in the Clarion soil and 
moderate or high in the Sunburg soil. The content of 
organic matter is about 1 to 4 percent in the surface 
layer of these soils. The subsoil in these soils generally 
has a very low supply of available phosphorus and 
potassium. Tilth generally is good in the Clarion soil and 
fair in the Sunburg soil. 

Most areas are cultivated. These soils are well suited 
to corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. If this soil is used for 
cultivated crops, water erosion is a hazard. The 
Sunburg soil is susceptible to soil blowing. A system of 
conservation tillage that leaves crop residue on the 
surface helps to prevent excessive soil loss. In most 
places applying mechanical erosion-contro! measures, 
Such as contour farming and terracing, is difficult 
because of the irregular topography and the short 
slopes. In a few places, however, these measures are 
suitable. Returning crop residue to the soil and regularly 
adding other organic material improve fertility, reduce 
crusting, and help to control erosion and maintain tilth. 

The use of these soils as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
Soil is too wet, however, causes surface compaction, 
increases runoff, results in poor tilth, and reduces 
production. Proper stocking rates, pasture rotation, and 
timely deferment of grazing help to keep the pasture in 
good condition. 

The land capability classification is Ile. 


641C2—Clarion-Sunburg complex, 5 to 9 percent 
slopes, moderately eroded. These moderately sloping, 
well drained soils are mostly on knolls, ridges, and 
convex side slopes on uplands. Slopes typically are 
short and irregular. The Clarion soil is on ridges and the 
lower parts of side slopes. The Sunburg soil is on knolls 
and the steepest parts of side slopes. Individual areas 
range from 4 to 10 acres in size, but a few are as large 
as 15 acres and are irregularly shaped. They are about 
60 percent Clarion soil and 40 percent Sunburg soil. 
The two soils are in areas so intricately mixed or so 
small in size that mapping them separately is 
impractical. 

Typically. the surface layer of the Clarion soil is very 
dark grayish brown, friable loam about 7 inches thick. 
Plowing has mixed streaks and pockets of dark 
yellowish brown subsoil material into the surface layer. 
The subsoil is friable loam about 23 inches thick. The 
upper part is dark yellowish brown, and the lower part is 
yellowish brown. The substratum to a depth of about 60 
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inches is yellowish brown, calcareous loam. 

Typically, the surface layer of the Sunburg soil is 
brown, friable, calcareous sandy loam about 7 inches 
thick. Plowing has mixed some streaks and pockets of 
yellowish brown substratum material into the surface 
layer. The substratum to a depth of about 60 inches is 
yellowish brown, calcareous sandy loam in the upper 
part and light olive brown, mottled, calcareous sandy 
loam in the lower part. In places the surface layer has 
been severely eroded, exposing the substratum. 

Permeability is moderate in the Clarion soil and 
moderately rapid in the Sunburg soil. Runoff is medium. 
Available water capacity is high. The content of organic 
matter is about 0.5 to 2.5 percent in the surface layer of 
these soils. The subsoil generally has a very low supply 
of available phosphorus and potassium. Tilth generally 
is good in the Clarion soil and fair in the Sunburg soil. 

In most areas these soils are cultivated. They are 
moderately suited to corn, soybeans, and small grain 
and to grasses and legumes for hay or pasture. If this 
soil is used for cultivated crops, further water erosion is 
a hazard. The Sunburg soil is susceptible to soil 
blowing. A system of conservation tillage that leaves 
crop residue on the surface helps to prevent excessive 
soil loss. In some areas applying mechanical erosion- 
control measures, such as contour farming and 
terracing, is difficult because of the irregular topography 
and the short slopes. In many areas, however, these 
measures are suitable. Returning crop residue to the 
soil and regularly adding other organic material improve 
fertility, reduce crusting, and help to control erosion and 
maintain tilth. 

The use of these soils as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
Soil is too wet, however, results in poor tilth and 
reduces production. Proper stocking rates, pasture 
rotation, and timely deferment of grazing help to keep 
the pasture in good condition. 

The land capability classification is llle. 


641D2—Clarion-Sunburg complex, 9 to 14 percent 
slopes, moderately eroded. These strongly sloping, 
well drained soils are on knolls, ridgetops, and side 
slopes on uplands. Slopes typically are short and 
irregular. The Clarion soil is on ridges and the lower 
parts of side slopes. The Sunburg soil is on steep knolls 
and the steepest parts of side slopes. Individual areas 
range from 4 to 20 acres in size and are irregularly 
shaped. They are about 55 percent Clarion soil and 45 
percent Sunburg soil. Areas are so intricately mixed or 
so small in size that mapping them separately is 
impractical. 
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Typically. the surface layer of the Clarion soil is very 
dark grayish brown, friable loam about 7 inches thick. 
Plowing has mixed streaks and pockets of dark 
yellowish brown subsoil material into the surface layer. 
The subsoil is friable loam about 20 inches thick. The 
upper part is dark yellowish brown, and the lower part is 
yellowish brown. The substratum to a depth of about 60 
inches is yellowish brown, calcareous loam. 

Typically. the surface layer of the Sunburg soil is 
brown, friable, calcareous sandy loam about 7 inches 
thick. Plowing has mixed some streaks and pockets of 
yellowish brown substratum material into the surface 
layer. The substratum to a depth of about 60 inches is 
calcareous sandy loam. The upper part is yellowish 
brown, and the lower part is light olive brown and 
mottled. In places the surface layer has been severely 
eroded, and the substratum has been exposed. 

Permeability is moderate in the Clarion soil and 
moderately rapid in the Sunburg soil. Runoff is medium. 
Available water capacity is high. The content of organic 
matter is about 0.5 to 2 percent in the surface layer of 
these soils. The subsoil generally has a very low supply 
of available phosphorus and potassium. Tilth generally 
is fair in both the Clarion and Sunburg soils. 

Most areas are cultivated. These soils are poorly 
Suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, further water erosion is a 
severe hazard. The Sunburg soil is susceptible to soil 
blowing. A system of conservation tillage that leaves 
crop residue on the surface helps to prevent excessive 
soil loss. In some areas applying mechanical erosion- 
control measures, such as contour farming and 
terracing, is difficult because of the irregular topography 
and the short slopes. In many areas these measures 
are not suitable. Returning crop residue to the soil and 
regularly adding other organic material improve fertility 
and help to control erosion and maintain tilth. 

The use of these soils as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
Soil is too wet, however, results in poor tilth and 
reduces production. Proper stocking rates, pasture 
rotation. and timely deferment of grazing help to keep 
the pasture in good condition. 

The land capability classification is Ille. 


641E2—Clarion-Sunburg complex, 14 to 18 percent 
slopes, moderately eroded. These moderately steep, 
well drained soils are on knolls, ridgetops, and side 
slopes on uplands. Slopes typically are short and 
irregular. The Clarion soil is on ridges and the lower 
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parts of side slopes. The Sunburg soil is on steep knolls 
and the steepest part of side slopes. Individual areas 
range from 4 to 20 acres in size and are long and 
narrow. They are about 55 percent Clarion soil and 45 
percent Sunburg soil. Areas are so intricately mixed or 
so small in size that mapping them separately is 
impractical. 

Typically, the surface layer of the Clarion soil is very 
dark grayish brown, friable loam about 7 inches thick. 
Plowing has mixed streaks and pockets of dark 
yellowish brown subsoil material into the surface layer. 
The subsoil is friable loam about 19 inches thick. The 
upper part is dark yellowish brown, and the lower part is 
yellowish brown. The substratum to a depth of about 60 
inches is yellowish brown, calcareous loam. 

Typically, the surface layer of the Sunburg soil is 
brown and dark brown, friable, calcareous sandy loam 
about 7 inches thick. Plowing has mixed streaks and 
pockets of brown substratum material into the surface 
layer. The substratum to a depth of about 60 inches is 
calcareous sandy loam. The upper part is brown, and 
the middle and lower parts are light olive brown and 
mottled. 

Permeability is moderate in the Clarion soil and 
moderately rapid in the Sunburg soil. Runoff is medium 
on the Clarion soil and rapid on the Sunburg soil. 
Available water capacity is high, but often this potential 
is not reached because of the rapid runoff and reduced 
surface infiltration. The content of organic matter is 
about 0.5 to 1.5 percent in the surface layer of these 
soils. The subsoil generally has a very low supply of 
available phosphorus and potassium. Tilth generally is 
fair in both the Clarion and Sunburg soils. 

In most areas these soils are cultivated. They are 
poorly suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, further water erosion is a 
severe hazard. The Sunburg soil is susceptible to soil 
blowing. A system of conservation tillage that leaves 
crop residue on the surface helps to prevent excessive 
soil loss. In some areas applying mechanical erosion- 
control measures, such as contour farming and 
terracing, is difficult because of the irregular topography 
and the short slopes. In most areas, however, these 
practices are suitable. Returning crop residue to the soil 
and regularly adding other organic material improve 
fertility and help to control erosion and maintain good 
tilth. 

The use of these soils as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, results in poor tilth and 
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reduces production. Proper stocking rates, pasture 
rotation, and timely deferment of grazing help to keep 
the pasture in good condition. 

The land capability classification is IVe. 


642D2—Sunburg-Salida complex, 9 to 14 percent 
slopes, moderately eroded. These strongly sloping, 
well drained and excessively drained soils are on 
convex upland ridges and side slopes. The Sunburg soil 
generally is on the lower parts of convex side slopes 
and the broader parts of ridgetops. The Salida soil 
generally is on high, narrow ridges and the upper parts 
of side slopes and commonly has gravel on the surface. 
Individual areas range from 3 to 10 acres in size and 
are irregularly shaped. They are about 55 percent 
Sunburg soil and 45 percent Salida soil. Areas are so 
intricately mixed or so small in size that mapping them 
separately is impractical. 

Typically, the surface layer of the Sunburg soil is 
brown, friable, calcareous sandy loam about 7 inches 
thick. Plowing has mixed some streaks and pockets of 
yellowish brown substratum material into the surface 
layer. The substratum to a depth of about 60 inches is 
calcareous sandy loam. The upper part is yellowish 
brown, and the lower part is olive brown and mottled. In 
places the surface layer has been severely eroded, 
exposing the substratum. 

Typically, the surface layer of the Salida soil is very 
dark grayish brown, very friable, calcareous gravelly 
sandy loam about 7 inches thick. Plowing has mixed 
streaks and pockets of brown subsoil material into the 
surface layer. The subsoil is brown, loose, calcareous 
gravelly loamy coarse sand about 8 inches thick. The 
substratum to a depth of about 60 inches is 
multicolored, calcareous, very gravelly coarse sand. 

Included with these soils in mapping are a few small 
areas of Clarion soils. Clarion soils have a thicker 
solum, and are not calcareous in the solum. They are 
on the lower parts of side slopes and dips on the lower 
level ridgetops. They make up about 2 to 5 percent of 
the map unit. 

Permeability is moderately rapid in the Sunburg soil 
and very rapid in the Salida soil. Runoff is rapid on the 
Sunburg soil and slow on the Salida soil. Available 
water capacity is moderate or high on the Sunburg soil 
and very low on the Salida soil. The content of organic 
matter is about 0.5 to 1.5 percent in the surface layer of 
these soils. The substratum of the Sunburg soil and the 
subsoil of the Salida soil generally have a very low 
supply of available phosphorus and potassium. Tilth 
generally is fair in the Sunburg soil and poor in the 
Salida soil. 
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In most areas these soils are used as cropland or are 
left idle. They are unsuited to row crops because of the 
steep slopes. They are better suited to grasses as 
pasture. Major management concerns are the hazard of 
further water erosion, low fertility, and the very low 
available water capacity. Maintaining an adequate 
vegetative cover helps to prevent excessive soil loss 
and improves the available water capacity by reducing 
runoff and the rate of drying. Adding fertilizer improves 
plant growth, but applications should be made in the fall 
or in very early spring before droughtiness limits growth. 

If pastures are properly managed, native bluestem 
grasses eventually move onto this soil. Proper stocking 
rates, timely deferment of grazing, and use of a 
planned, uniform rotational grazing system are needed 
to help maintain desirable plant species and to keep the 
pasture in good condition. If properly managed, these 
soils are well suited to use as wildlife habitat. 

The land capability classification is Vls. 


654—Corwith loam, 1 to 3 percent slopes. This 
very gently sloping, somewhat poorly drained, 
calcareous soil is on low rises in upland, glacial 
outwash areas. Individual areas range from 3 to 10 
acres in size and are irregularly shaped. 

Typically, the surface layer is black, friable, 
calcareous loam about 9 inches thick. The subsurface 
layer is very dark gray, friable loam about 8 inches 
thick. The subsoil is calcareous, friable, and about 13 
inches thick. The upper part is dark grayish brown loam, 
and the lower part is dark grayish brown and light olive 
brown silt loam and mottled. The substratum to a depth 
of about 60 inches is mottled, light brownish gray and 
light olive brown, calcareous silt loam. 

Permeability of this Corwith soil is moderate, and 
runoff is slow. The soil has a seasonal high water table. 
Available water capacity is high. The content of organic 
matter is about 5 to 6 percent in the surface layer. The 
subsoil generally has a very low supply of available 
phosphorus and potassium. This soil generally has 
good tilth. 

Most areas are cultivated. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. Water erosion generally is 
not a problem. However, this soil is susceptible to soil 
blowing if the soil is fall plowed or if the soil surface is 
left bare. A system of conservation tillage that leaves 
crop residue on the surface and the regular addition of 
organic material help to control soil blowing and to 
maintain tilth and productivity. This soil generally is not 
artificially drained, but in some areas artificial drainage 
will improve timeliness of operations. 
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The use of this soil as pasture is effective in 
controlling soil blowing. Overgrazing or grazing when 
the soil is too wet, however, causes surface 
compaction, increased runoff, and poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is |. 


655—Crippin loam, 1 to 3 percent slopes. This very 
gently sloping, somewhat poorly drained, calcareous 
soil is on low rises on uplands. Individual areas range 
from 3 to 10 acres in size and are irregularly shaped. 

Typically, the surface layer is black, friable, 
calcareous loam about 9 inches thick. The subsurface 
layer is friable, calcareous, and about 10 inches thick. 
The upper part is black clay loam, and the lower part is 
very dark gray loam. The subsoil is friable, calcareous 
loam about 15 inches thick. The upper part is dark 
grayish brown, and the lower part is light olive brown 
and mottled. The substratum to a depth of about 60 
inches is light olive brown and grayish brown, mottied, 
calcareous loam. In places the surface layer is thinner. 

Included with this soil in mapping are some small 
areas of Clarion soils. Clarion soils are well drained and 
are on higher, more convex slopes. They make up 
about 5 percent of the map unit. 

Permeability of this Crippin soil is moderate, and 
runoff is slow. The soil has a seasonal high water table. 
Available water capacity is high. The content of organic 
matter is about 5 or 6 percent in the surface layer. The 
subsoil generally has a very low supply of available 
phosphorus and potassium. Tilth is generally good. 

In most areas this soil is cultivated. It is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. Erosion generally is not a 
problem on this soil. However, it is highly susceptible to 
soil blowing if it is fall plowed and if the surface is left 
bare. A system of conservation tillage that leaves crop 
residue on the surface helps to prevent excessive soil 
loss. These soils generally are not drained, but in some 
areas artificial drainage will improve timeliness of 
operations. 

The use of this soil as pasture is effective in 
controlling soil blowing. Overgrazing or grazing when 
the soil is wet causes surface compaction and results in 
poor tilth. Proper stocking rates, pasture rotation, timely 
deferment of grazing, and restricted use during wet 
periods help to keep the pasture in good condition. 

The land capability classification is |. 
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658—Mayer loam, 24 to 32 inches to sand and 
gravel, 0 to 2 percent slopes. This nearly level, poorly 
drained, calcareous soil is on stream terraces and in 
upland glacial outwash areas. Individual areas range 
from about 5 to 40 acres in size, but some are as large 
as 100 acres. They are irregularly shaped. 

Typically, the surface layer is black, friable, 
calcareous loam about 10 inches thick. The subsurface 
layer is very dark gray, friable, calcareous loam about 7 
inches thick. The subsoil is calcareous and about 11 
inches thick. The upper part is olive gray, mottled, 
friable loam; and the lower part is olive gray, mottled, 
very friable sandy loam. The substratum to a depth of 
about 60 inches is calcareous gravelly coarse sand. It is 
olive in the upper part and brown and dark grayish 
brown in the lower part. In places the solum contains 
more clay. In some places the sand and gravel 
substratum is at a depth of less than 24 inches. 

included with this soil in mapping are small areas of 
Biscay, ponded, and Harcot soils. Biscay, ponded, soils 
are very poorly drained and are subject to ponding after 
rains. Harcot soils have a higher calcium carbonate 
content throughout and are in landscape positions 
similar to those of the Mayer soil. Included soils make 
up about 5 to 10 percent of the map unit. 

Permeability of this Mayer soil is moderate in the 
solum and rapid in the substratum. Runoff is slow. This 
Soil has a seasonal high water table. Available water 
capacity is moderate. Root development and available 
water capacity are somewhat limited by the underlying 
calcareous sand and gravel. The content of organic 
matter is about 4 to 6 percent in the surface layer. The 
subsoil generally has a very low supply of available 
potassium and phosphorus. The soil generally has fair 
tilth. 

Most areas are cultivated. This soil is moderately well 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. Wetness is the 
main limitation. Drainage is needed for best crop 
production. Drainage can be improved by the 
installation of underground drains. These drains function 
well, but in some places installation is difficuit because 
of instability of the substratum. Care should be taken to 
avoid overdrainage. In years when rainfall is below 
average or when rains are untimely, sufficient water for 
best crop growth will be limited because of the low or 
moderate available water capacity. This soil is subject 
to soil blowing, especially if it is plowed in the fall and if 
the surface is left bare. A system of conservation tillage 
that leaves crop residue on the surface helps to prevent 
soil blowing and conserves moisture. 


Hancock County, lowa 


If this soil is used as pasture, proper stocking rates, 
pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to maintain 
desirable plant species and keep the pasture in good 
condition. 

The land capability classification is |lw. 


659—Mayer loam, 32 to 40 inches to sand and 
gravel, 0 to 2 percent slopes. This nearly level, poorly 
drained, calcareous soil is on stream terraces and in 
upland glacial outwash areas. Individual areas range 
from 5 to 60 acres in size, although same are as large 
as 100 acres. They are irregularly shaped. 

Typically, the surface layer is black, friable, 
calcareous loam about 10 inches thick. The subsurface 
layer is friable, calcareous loam about 11 inches thick. 
The upper part is black, and the lower part is very dark 
gray. The calcareous subsoil is mottled and friable and 
is about 16 inches thick. The upper part is grayish 
brown sandy clay loam, and the lower part is olive gray 
sandy loam. The substratum to a depth of about 60 
inches is olive gray, calcareous gravelly coarse sand. In 
places the depth to the sand and gravel substratum is 
less than 32 inches. 

Included with this soil in mapping are a few small 
areas of Biscay, ponded, and Harcot soils. Biscay, 
ponded, soils are wetter and are subject to ponding 
after rains. Harcot soils have a higher calcium 
carbonate content throughout and are in landscape 
positions similar to those of the Mayer soil. Included 
soils make up about 5 to 10 percent of the map unit. 

Permeability of this Mayer soil is moderate in the 
solum and rapid in the substratum. Runoff is slow to 
ponded. The soil has a seasonal high water table. 
Available water capacity is moderate. The content of 
organic matter is about 4 to 6 percent in the surface 
layer. The subsoil generally has a very low supply of 
available phosphorus and potassium. This soil generally 
has fair tilth. 

Most areas are cultivated. This soil is moderately well 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. Wetness is the 
main limitation. Drainage is needed for best crop 
production. Drainage can be improved by the 
installation of underground drains. These drains function 
well, but in some places installation is difficult because 
of instability of the substratum. Care should be taken to 
avoid overdrainage. In years when rainfall is below 
average or when rains are untimely, sufficient water for 
best crop growth may be limited because of moderate 
available water capacity. This soil is subject to soil 
blowing, especially if it is fall plowed and if the surface 
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is left bare. A system of conservation tillage that leaves 
crop residue on the surface helps to prevent soil 
blowing and to conserve moisture. 

If this soil is used as pasture, proper stocking rates, 
pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to maintain 
desirable plant species and keep the pasture in good 
condition. 

The land capability classification is ۷۸۰ 


787B—Vinje silty clay loam, 2 to 5 percent slopes. 
This gently sloping, well drained soil is on convex knolls 
on uplands. Areas range from 5 to 15 acres in size and 
are long and irregularly shaped. 

Typically, the surface layer is black, firm silty clay 
loam about 9 inches thick. The subsurface layer is very 
dark brown and very dark grayish brown, firm silty clay 
about 11 inches thick. The subsoil is about 26 inches 
thick. The upper part is brown, firm silty clay; the next 
part is brown and light clive brown, mottled, firm silty 
clay loam; and the lower part is light olive brown, 
mottled, friable clay loam. The substratum to a depth of 
about 60 inches is mottled light olive brown and grayish 
brown, calcareous loam. 

Included with this soil in mapping are a few small 
areas of somewhat poorly drained Collinwood soils on 
the flatter parts of the slope. These soils make up about 
5 percent of the map unit. 

Permeability of this Vinje soil is moderately slow, and 
runoff is medium. Available water capacity is high. The 
content of organic matter is about 3 to 4 percent in the 
surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has fair tilth. 

Most areas are cultivated. If water erosion is 
controlled, this soil is moderately suited to corn, 
soybeans, and small grain and to grasses and legumes 
for hay or pasture. Soil blowing can be severe on this 
soil if it is tilled and if the soil is left bare. A system of 
conservation tillage that leaves crop residue on the 
surface and grassed waterways help to prevent 
excessive soil loss. Contour farming and terracing are 
practical in some areas but are not feasible in 
undulating areas where slopes are short. Returning 
crop residue to the soil and regularly adding other 
organic material improve fertility, help to control erosion 
and prevent surface crusting, and increase the rate of 
water infiltration. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poor tilth. Proper 
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stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is lle. 


787C2—Vinje silty clay loam, 5 to 9 percent 
slopes, moderately eroded. This moderately sloping, 
well drained soil is on knolls and convex side slopes on 
uplands. Slopes typically are short. Areas range from 5 
to 20 acres in size and are long and irregularly shaped. 

Typically, the surface layer is very dark grayish 
brown, friable silty clay loam about 7 inches thick. 
Plowing has mixed some streaks and pockets of brown 
silty clay loam subsoil material into the surface layer. 
The subsoil is firm silty clay loam about 28 inches thick. 
The upper part is brown, and the lower part is yellowish 
brown. The substratum to a depth of about 60 inches is 
mottled light olive brown, calcareous clay loam. In a few 
places the surface layer is more than 10 inches thick. 

Included with this soil in mapping are a few areas of 
well drained Storden soils. Storden soils are calcareous 
and are in landscape positions similar to those of the 
Vinje soil. They make up less than 5 percent of the map 
unit. 

Permeability of this Vinje soil is moderately slow, and 
runoff is medium. Available water capacity is high. The 
content of organic matter is about 2 to 3 percent in the 
surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has fair tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If this soil is 
used for cultivated crops, further water erosion is a 
hazard. Soil blowing can be severe on this soil if it is 
tilled and if the soil is left bare. A system of 
conservation tillage that leaves crop residue on the 
surface, terracing, contour farming, and grassed 
waterways help to prevent excessive soil loss. In some 
areas applying mechanical erosion-control measures, 
such as contour farming and terracing, is difficult 
because of the undulating areas and the short slopes. 
In many areas, however, these measures are suitable. 
Returning crop residue to the soil and regularly adding 
other organic material improve fertility, help to contro! 
erosion and to prevent surface crusting, and increase 
the rate of water infiltration. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
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grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 
The land capability classification is Ille. 


811—Muskego muck, 0 to 1 percent slopes. This 
level, very poorly drained, organic soil is in depressions 
on uplands. It is subject to ponding. Individual areas 
range from 10 to 80 acres in size and are circular. 

Typically, the organic surface layer is about 28 
inches thick. The upper part is black, nonsticky, sapric 
material, and the lower part is black, slightly sticky, 
sapric material. Underlying the surface soil is 
calcareous, coprogenous material that is mainly black 
and extends to a depth of 60 inches or more. In a few 
places this soil is calcareous throughout the solum. 

Permeability of this Muskego soil is moderate or 
moderately rapid in the sapric material and slow in the 
coprogenous earth. Runoff is very slow or ponded. The 
soil has a seasonal high water table at or near the 
surface. Available water capacity is very high. The 
content of organic matter is more than 20 percent in the 
surface layer. The surface soil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has good tilth. 

Most areas have been artificially drained and are 
used for row crops. Even where drainage is adequate, 
this soil is poorly suited to corn, soybeans, and small 
grain. It is poorly suited to legumes for hay or pasture. 
During periods of excessive rainfall, crops are 
Sometimes damaged or destroyed before tile drains can 
remove the excess water. If this happens to crops early 
in the season, this soil can be tilled and replanted. Early 
frost often injures crops in late spring and early fall on 
this low-lying soil, which loses heat rapidly from the 
surface. If drainage is adequate and if the soil is 
fertilized and well managed, row crops will grow fairly 
well. Small grain, however, tends to lodge badly and 
produce poor quality grain. Growth of all crops generally 
is better in years of somewhat limited rainfall than in 
years of above average rainfall. This soil can be tilled 
throughout a wide range of moisture content. Fall 
plowing should be avoided on this soil because soil 
blowing is a severe hazard if the surface layer is left 
unprotected. Herbicide selection and application rates 
need carefu! attention because of the high organic 
matter content, which causes many herbicides to be 
less effective. 

Legumes for hay production or as pasture do poorly 
on this soil and are highly susceptible to winterkill. 
Partially drained areas are often used as pasture. Many 
grasses are well suited to and are productive on this 
soil, although such species as reed canarygrass, which 
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tolerate wetness, are generally more productive and 
easier to manage. Rotational grazing and avoiding 
grazing when the soils are too wet help to keep the 
pasture in good condition. Areas that are not drained 
sufficiently for use as pasture or cropland provide good 
habitat for wildlife. 

The land capability classification is IVw. 


823—Ridgeport sandy loam, 0 to 2 percent slopes. 
This nearly level, somewhat excessively drained soil is 
on upland glacial outwash plains and stream terraces. 
Individual areas range from 4 to 20 acres in size and 
are irregularly shaped. 

Typically, the surface layer is black, very friable 
sandy loam about 9 inches thick. The subsurface layer 
is very dark gray, very friable sandy loam about 10 
inches thick. The subsoil is brown and dark yellowish 
brown, very friable sandy loam about 12 inches thick. 
The substratum to a depth of about 60 inches is dark 
yellowish brown, calcareous gravelly loamy sand. 

Permeability of this Ridgeport soil is moderately rapid 
in the solum and very rapid in the substratum. Runoff is 
medium. Available water capacity is low. The content of 
organic matter is about 1.5 to 2.5 percent in the surface 
layer. The subsoil generally has a low supply of 
available phosphorus and potassium. This soil generally 
has good tilth. 

Most areas are cultivated. This soil is poorly suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. The main limitation is the 
low available water capacity. Growth of crops is limited 
during parts of most growing seasons, especially in 
years when rainfall is below average or if rains are 
untimely. Small grain and grasses and legumes for hay 
or pasture generally do better than row crops. This soil 
warms up quickly in spring and can be worked soon 
after rains. When tilled or plowed, the surface layer 
dries rapidly and commonly is subject to soil blowing. 
Windblown sand damages or destroys young seedlings. 
A system of conservation tillage that leaves crop 
residue on the surface and the regular addition of other 
organic material improve fertility, conserve moisture, 
and help to control erosion. 

The use of this soil as pasture is effective in 
controlling water erosion and soil blowing. Proper 
stocking rates, pasture rotation, and timely deferment of 
grazing help to keep the pasture in good condition. 

The land capability classification is Nis. 


823B—Ridgeport sandy loam, 2 to 5 percent 
slopes. This gently sloping, somewhat excessively 
drained soil is on upland glacial outwash plains and 
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stream terraces. Individual areas range from 4 to 40 
acres in size and are irregularly shaped. 

Typically, the surface layer is black, very friable 
sandy loam about 10 inches thick. The subsurface layer 
is very dark gray, very friable sandy loam about 9 
inches thick. The subsoil is brown and dark yellowish 
brown, very friable sandy loam about 10 inches thick. 
The substratum to a depth of about 60 inches is dark 
yellowish brown, calcareous gravelly loamy sand. 

Permeability of this Ridgeport soil is moderately rapid 
in the solum and very rapid in the substratum. Runoff is 
medium. Available water capacity is lovv. The content of 
organic matter is about 1.5 to 2.5 percent in the surface 
layer. The subsoil generally has a low supply of 
available phosphorus and potassium. This soil generally 
has good tilth. 

Most areas are cultivated. This soil is poorly suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. If this soil is used for 
cultivated crops, water erosion is a hazard. In parts of 
some seasons it is commonly seasonally droughty 
because the gravelly substratum limits available water 
capacity. Growth of crops is limited in parts of most 
growing seasons, especially in years when rainfall is 
below average or if rains are untimely. Small grain and 
grasses and legumes for hay or pasture generally do 
better than row crops. This soil warms up quickly in 
spring and can be worked soon after rains. The surface 
tends to dry quickly after tillage, and soil blowing is a 
hazard. In some years windblown sand may damage 
young plants. A system of conservation tillage that 
leaves crop residue on the surface and the regular 
addition of other organic material improve fertility, 
conserve moisture, and help to control erosion. In some 
areas slopes can be farmed on the contour. Terraces 
generally are not constructed on this soil because of the 
danger of exposing the sand and gravel substratum. 

The use of this soil as pasture is effective in 
controlling water erosion and soil blowing. Proper 
stocking rates, pasture rotation, and timely deferment of 
grazing help to keep the pasture in good condition. 

The land capability classification is llle. 


836B—Kilkenny clay loam, 2 to 5 percent slopes. 
This gently sloping, well drained soil is on convex knolls 
and ridges on uplands. Individual areas range from 3 to 
5 acres in size and are irregularly shaped. 

Typically, the surface layer is very dark gray, friable 
clay loam about 9 inches thick. The subsoil is firm and 
about 36 inches thick. The upper part is brown clay; the 
next part is olive brown and light olive brown clay; and 
the lower part is light olive brown, mottled clay loam. 
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The substratum to a depth of about 60 inches is grayish 
brown, calcareous, and mottled. The upper part is clay 
loam and the lower part is loam. 

Permeability of this Kilkenny soil is moderately slow, 
and runoff is medium. Available water capacity is high. 
The content of organic matter is about 2.5 to 3.5 
percent in the surface layer. The subsoil generally has 
a low supply of available phosphorus and potassium. 
This soil generally has good tilth. 

Most areas are cultivated. This soil is moderately well 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. If this soil is 
cultivated, water erosion is a hazard. A system of 
conservation tillage that leaves crop residue on the 
surface helps to prevent excessive soil loss. In some 
areas applying mechanical erosion-control measures, 
such as contour farming and terracing, is difficult 
because of the irregular topography and the short 
slopes. In many areas, however, these measures are 
suitable. Returning crop residue to the soil and regularly 
adding other organic material improve fertility, reduce 
crusting, and increase the rate of water infiltration. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

This soil is well suited to trees, and a few small 
areas remain in native hardwoods. New stands of trees 
survive and grow well if species are selected and 
managed properly. 

The land capability classification is Ile. 


836C2—Kilkenny clay loam, 5 to 9 percent slopes, 
moderately eroded. This moderately sloping, well 
drained soil is on convex knolls and side slopes on 
uplands. Individual areas range from 3 to 15 acres in 
size and are irregularly shaped. 

Typically, the surface layer is very dark gray, friable 
clay loam about 7 inches thick. Plowing has mixed 
streaks and pockets of brown subsoil material into the 
surface layer. The subsoil is firm and about 35 inches 
thick. The upper part is brown clay; the next part is 
olive brown and light olive brown, mottled clay; and the 
lower part is light olive brown, mottled clay loam. The 
substratum to a depth of about 60 inches is grayish 
brown and light clive brown, calcareous, and mottled. 
The upper part is clay loam and the lower part is loam. 

Included with this soil in mapping are a few small 
areas of Storden soils. Storden soils have less clay and 
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more sand, are calcareous throughout, and are on the 
steeper parts of slopes. They make up about 2 to 5 
percent of the map unit. 

Permeability of this Kilkenny soil is moderately slow, 
and runoff is medium. Available water capacity is high. 
The content of organic matter is about 1.5 to 2.5 
percent in the surface layer. The subsoil generally has 
a low supply of available phosphorus and potassium. 
This soil generally has fair tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain. It is better 
suited to grasses and legumes for hay or pasture. If this 
soil is cultivated, further water erosion is a severe 
hazard, A system of conservation tillage that leaves 
crop residue on the surface, grassed waterways, and 
crop rotations that include grass help to control erosion. 
In some areas, where the slopes are long enough and 
smooth, mechanical erosion-control practices, such as 
contour farming and terracing, are suitable. Returning 
crop residue to the soil and regularly adding other 
organic material improve fertility and help to control 
erosion and maintain tilth. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

This soil is well suited to trees and a few small areas 
remain in native hardwoods. New stands of trees 
survive and grow well if species are selected and 
managed properly. 

The land capability classification is Ille. 


836E2—Kilkenny clay loam, 9 to 18 percent 
slopes, moderately eroded. This strongly sloping and 
moderately steep, well drained soil is on convex knolls, 
ridges, and side slopes on uplands. Individual areas 
typically range from 3 to 40 acres in size, and a few 
areas are as much as 80 acres. They are irregularly 
shaped. 

Typically, the surface layer is very dark gray, friable 
clay loam about 7 inches thick. The subsoil is firm and 
about 28 inches thick. The upper part is brown clay; the 
next part is olive brown and light olive brown, mottled 
clay; and the lower part is light olive brown, mottled clay 
loam. The substratum to a depth of about 60 inches is 
grayish brown and light olive brown, mottled clay loam. 
The upper part is clay loam and the lower part is loam. 

included with this soil in mapping are a few small 
areas of Storden soils. Storden soils have less clay and 
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more sand, are calcareous throughout, and are on the 
steeper part of slopes. They make up about 5 percent 
of the map unit. 

Permeability of this Kilkenny soil is moderately slow, 
and runoff is rapid. Available water capacity is high. The 
content of organic matter is about 1.5 to 2.5 percent in 
the surface layer. The subsoil generally has a low 
supply of available phosphorus and potassium. This soil 
generally has fair tilth. 

Most areas are cultivated, but some are used as 
pasture or are in native hardwoods. This soil is poorly 
suited to corn and soybeans. It is better suited to small 
grain and to grasses and legumes for hay or pasture. If 
this soil is used for cultivated crops, further water 
erosion is a severe hazard. Major management 
concerns are related to the hazard of water erosion, 
water management, and fertility. The amount of water 
available for plant growth may be low because of rapid 
runoff. In some areas, where slopes are long enough 
and smooth, mechanical erosion-control practices, such 
as contour farming and terracing, are suitable. 
Returning crop residue to the soil and regularly adding 
other organic material improve fertility and help to 
control erosion and maintain tilth. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, causes surface compaction, 
increases runoff, and results in poorer tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is IVe. 


879—Fostoria loam, 1 to 3 percent slopes. This 
very gently sloping, somewhat poorly drained soil is 
mainly on slightly convex or concave slopes on upland 
glacial outwash plains. Individual areas range from 2 to 
20 acres in size and are irregularly shaped. 

Typically, the surface layer is black, friable loam 
about 10 inches thick. The subsurface layer is friable 
and about 10 inches thick. The upper part is black 
loam, and the lower part is black and very dark gray 
clay loam. The subsoil is friable and about 23 inches 
thick. The upper part is dark grayish brown loam; the 
next part is light olive brown and olive brown, mottled 
clay loam; and the lower part is light olive brown, 
mottled, calcareous silt loam. The substratum to a 
depth of about 60 inches is mottled, grayish brown and 
light olive brown, calcareous silt loam. In places thin 
layers of sand and gravel are in the lower part of the 
substratum. 

Included with this soil in mapping are small areas of 
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Truman soils. Truman soils are well drained and in 
slightly higher landscape positions. They make up about 
2 to 5 percent of the map unit. 

Permeability of this Fostoria soil is moderate, and 
runoff is slow. The soil has a seasonal high water table. 
Available water capacity is high. The content of organic 
matter is about 5 to 6 percent in the surface layer. The 
subsoil generally has a very low supply of available 
phosphorus and a low supply of available potassium. 
This soil generally has good tilth. 

Most areas are cultivated. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. Soil blowing may be a 
hazard on this soil if it is fall plowed or if the surface is 
left bare. A system of conservation tillage that leaves 
crop residue on the surface helps to prevent excessive 
soil blowing. This soil generally is not artificially drained, 
but in some areas artificial drainage will improve 
timeliness of operations. 

The use of this soil as pasture is effective in 
preventing soil blowing. If this soil is used as pasture, 
proper stocking rates, pasture rotation, timely deferment 
of grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is |. 


956—Harps-Okoboji complex, 0 to 2 percent 
slopes. These level to nearly level, poorly drained and 
very poorly drained soils are in depressions and on 
their adjacent rims on uplands. The poorly drained, 
calcareous Harps soil is on convex rims surrounding the 
very poorly drained, depressional Okoboji soil. The 
Okoboji soil is subject to ponding. Individual areas 
range from 10 to 40 acres in size, although some areas 
are as large as 120 acres. The Okoboji soil is generally 
circular, and the Harps soil is irregularly shaped. It is 
about 60 percent Harps soil and 40 percent Okoboji 
Soil. Areas are so intricately mixed or so small in size 
that mapping them separately is impractical. 

Typically, the surface layer of the Harps soil is black, 
friable, calcareous loam about 10 inches thick. The 
subsurface layer is very dark gray, mottled, friable, 
calcareous loam about 8 inches thick. The subsoil is 
olive gray, mottled, friable, calcareous loam about 24 
inches thick. The substratum to a depth of about 60 
inches is mottled, olive gray and light olive brown, 
calcareous loam. 

Typically, the surface layer of the Okoboji soil is 
black, firm silty clay loam about 9 inches thick. The 
subsurface layer is black, firm, and about 27 inches 
thick. The upper part is silty clay loam, and the lower 
part is silty clay. The subsoil is mottled and firm and is 
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about 10 inches thick. The upper part is very dark gray 
silty clay, and the lower part is olive gray silty clay 
loam. The substratum to a depth of about 60 inches is 
olive gray, mottled, calcareous silty clay loam. In places 
the surface layer contains more sand. 

Permeability is moderate for the Harps soil and 
moderately slow for Okoboji soil. Runoff is slow on the 
Harps soil and slow or ponded on the Okoboji soil. 
These soils have a seasonal high water table. Shrink- 
swell potential is high in the Okoboji soil. The content of 
organic matter is about 4.5 to 12 percent in the surface 
layer of these soils. The subsoil of the Harps soil and 
the subsurface layer of the Okoboji soil generally have 
a very low supply of available phosphorus and 
potassium. Both Harps and Okoboji soils generally have 
fair tilth. 

Most areas are cultivated. These soils are 
moderately suited to corn, soybeans, and small grain. 
Harps soils are moderately suited to grasses and 
legumes for hay or pasture. The Okoboji soil is poorly 
suited to some legumes, especially alfalfa. Drainage is 
the main limitation. Drainage is essential for best crop 
production on these soils, especially the Okoboji soil, 
which tend to pond water in the spring and after heavy 
rains. Underground drains function well on these soils, 
but in some places it is difficult to find outlets deep 
enough for these drains to function adequately. If these 
soils are fall plowed and if surface layer is left bare, soil 
blowing is a hazard, especially on the Harps soil. A 
system of conservation tillage that leaves crop residue 
on the surface and the regular addition of other organic 
material improve soil structure and help to reduce soil 
blowing. Because of the excess calcium carbonate in 
the Harps soil, larger applications of fertilizers are 
needed because of lower availability of plant nutrients. 
Herbicide carry-over and sensitivity are problems in 
areas of the Harps soil. On both soils, the supply of 
available iron is sometimes deficient, and in places on 
the Harps soil the availability of other minor elements 
also may be low. Soybeans can show dramatic visual 
evidence of iron deficiency when grown on the Harps 
soil. Soybean varieties that tolerate high-lime conditions 
should be selected. 

If these soils are used as pasture, grasses and 
legumes that tolerate excessive wetness should be 
considered, especially on the Okoboji soil. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is ۷۰ 
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1032—Spicer silty clay loam, 0 to 2 percent 
Slopes. This nearly level, poorly drained soil is on 
slightly concave to slightly convex slopes on upland 
outwash and lake plains. Individual areas range from 10 
to 50 acres in size and are irregularly shaped. 

Typically, the surface layer is black, friable, 
calcareous silty clay loam about 10 inches thick. The 
subsurface layer is black, mottled, friable, calcareous 
silty clay loam about 9 inches thick. The subsoil is olive 
gray, mottled, friable, calcareous, and about 21 inches 
thick. The upper part is silty clay loam, and the lower 
part is silt loam. The substratum to a depth of about 60 
inches is mottled olive gray and strong brown, 
calcareous silt loam. In a few places the lower part of 
the subsoil and the substratum are fine sandy loam. 

Included with this soil in mapping are Harpster and 
Okoboji soils. Harpster soils have a higher calcium 
carbonate content and are in similar landscape 
positions. Okoboji soils are very poorly drained and are 
in depressions. Included soils make up about 5 to 10 
percent of the map unit. 

Permeability of this Spicer soil is moderate, and 
runoff is slow or ponded. The soil has a seasonal high 
water table. Available water capacity is high. The 
content of organic matter is about 6 to 7 percent in the 
surface layer. The subsoil generally has a very low 
supply of available phosphorus and potassium. This soil 
generally has fair tilth. 

Most areas are cultivated. This soil is moderately well 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. Wetness is the 
main limitation. Drainage is essential for best crop 
production. Underground drainage systems work well. 
This soil is subject to soil blowing. A system of 
conservation tillage that leaves crop residue on the 
surface and the regular addition of other organic 
material help to prevent soil blowing and maintain 
fertility. Because of the high concentration of calcium 
carbonate in this soil, larger applications of fertilizers 
are needed because of lower availability of plant 
nutrients. Carry-over and sensitivity of some herbicides 
are problems on this soil. Also, available iron may be 
low because of the excess lime. 

The use of this soil as pasture is effective in 
preventing soil blowing. Overgrazing or grazing when 
the soil is too wet, however, causes surface 
compaction, poorer tilth, and a lower water infiltration 
rate. Proper stocking rates, pasture rotation, timely 
deferment of grazing, and restricted use during wet 
periods help to keep the pasture in good condition. 

The land capability classification is Nw. 
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1052B—Bode-Kamrar clay loams, 2 to 5 percent 
slopes. These gently sloping, well drained soils are on 
upland knolls. Individual areas range from 4 to 10 acres 
in size and are long and irregularly shaped. They are 
about 60 percent Bode soil and 40 percent Kamrar soil. 
Areas are so intricately mixed or so small that mapping 
them separately is impractical. 

Typically, the surface layer of the Bode soil is black, 
friable clay loam about 9 inches thick. The subsurface 
layer is friable clay loam about 9 inches thick. The 
upper part is very dark gray, and the lower part is very 
dark grayish brown. The subsoil is friable clay loam 
about 22 inches thick. The upper part is brown, and the 
lower part is dark yellowish brown and calcareous. The 
substratum to a depth of about 60 inches is light olive 
brown, mottled, calcareous clay loam. 

Typically, the surface layer of the Kamrar soil is 
black, friable clay loam about 9 inches thick. The 
subsurface layer is firm clay loam about 11 inches thick. 
The upper part is black, and the lower part is very dark 
grayish brown. The subsoil is about 20 inches thick. 
The upper part is brown, firm clay loam; the next part is 
yellowish brown, firm clay; and the lower part is light 
olive brown, mottled, friable clay loam. The substratum 
to a depth of about 60 inches is light olive brown, 
mottled, calcareous clay loam. 

Included with these soils in mapping are a few small 
areas Of well drained Storden soils. Storden soils do not 
have a subsoil, are calcareous in the surface layer, and 
are in landscape positions similar to those of the Bode 
and Kamrar soils. They make up about 5 percent of the 
map unit. 

Permeability is moderate in the Bode soil and 
moderately slow in the Kamrar sail. Available water 
capacity is high. The content of organic matter is about 
3 to 4 percent in the surface layer. The subsoil of the 
Bode and Kamrar soils generally has a very low supply 
of available phosphorus and potassium. Bode and 
Kamrar soils generally have good tilth. 

Most areas are cultivated. Water erosion is the 
limiting factor. If water erosion is controlled, this soil is 
moderately well suited to corn, soybeans, and small 
grain and to grasses and legumes for hay or pasture. A 
system of conservation tillage that leaves crop residue 
on the surface (fig. 11) and grassed waterways help to 
prevent excessive soil loss. Contour farming and 
terracing are practical in some areas but are not 
feasible in undulating areas where slopes are short. 
Returning crop residue to the soil and regularly adding 
other organic material improve fertility, help to control 
erosion and prevent surface crusting, and increase the 
rate of water infiltration. 
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The use of these soils as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet, however, results in poor tilth. Proper 
stocking rates, pasture rotation, timely deferment of 
grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is lle. 


1135-—Coland clay loam, channeled, 0 to 2 percent 
slopes. This nearly level, poorly drained soil is on 
bottom lands adjacent to major streams and rivers in 
the county. This soil is subject to flooding. Areas of this 
soil are dissected by oxbows and meandering stream 
channels, and these areas are among the first to flood 
whenever streams overflow. Some areas are long and 
narrow, paralleling the streams. Oxbows are numerous 
throughout. Individual areas of this soil are wide and 
range from 40 to 100 acres in size, but some are as 
large as 160 acres. 

Typically, the surface layer is black, friable clay loam 
about 8 inches thick. The subsurface layer is black, 
friable clay loam about 40 inches thick. The substratum 
to a depth of about 60 inches is black clay loam. Ina 
few places the sand content is higher. In places the 
surface layer has loamy overwash about 10 inches 
thick. 

Permeability of this Coland soil is moderate, and 
runoff is slow. The soil has a seasonal high water table. 
Available water capacity is high. Shrink-swell potential 
is high. The content of organic matter is about 5 to 7 
percent in the surface layer. The subsurface layer 
generally has a medium supply of available phosphorus 
and a very low supply of available potassium. This soil 
generally has fair tilth. 

Flooding is a severe hazard on this soil; therefore, 
most areas remain in cool-season grasses or are left 
idle. Idle areas contain trees, brush, or native grasses, 
which provide good wildlife habitat. Areas of cool- 
season grasses are used as pastureland. This soil is 
not suited to cultivated crops or hayland. If the flooding 
is controlled, old stream channels are filled, trees and 
brush are cleared, and adequate drainage is provided, 
this soil is well suited to row crops. 

This soil is suited to pasture. Areas that are used as 
pasture provide good grazing for livestock. Overgrazing 
or grazing when the soil is too wet causes surface 
compaction and poor tilth. Proper stacking rates, 
pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. 

The land capability classification is Vw. 
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Figure 11.—Cornstalks provide a protective cover for no-till soybeans on Bode-Kamrar clay loams, 2 to 5 percent slopes. 


1221—Palms muck, ponded, 0 to 1 percent slopes. 
This very poorly drained soil is in depressional areas on 
bottom lands and low terraces adjacent to the major 
streams and rivers and in shallow depressional areas 
on uplands. It is subject to ponding. Individual areas 
range from 3 to 40 acres in size and are circular, 
although a few areas are irregularly shaped. 

Typically, the surface layer is black sapric material 
about 40 inches thick. The substratum to a depth of 
about 60 inches is olive gray, mottled silty clay loam. In 
places the substratum is loamy sand or sand. In a few 
places the sapric material is deeper. 

Permeability of this Palms soil is moderately slow to 


moderately rapid in the organic material and moderate 
in the substratum. Available water capacity generally is 
very high. In most areas either small ponds are evident 
or the water table is at or near the surface throughout 
the year. The content of organic matter is more than 25 
percent in the surface layer. The subsoil generally has 
a very low supply of phosphorus and potassium. This 
soil generally has good tilth. 

Most areas are left idle or are used as wildlife 
habitat. These soils generally are well suited to wetland 
wildlife habitat but are not suited to corn, soybeans, and 
small grain and to grasses and legumes for hay or 
pasture. Providing adequate drainage on this soil is 
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very difficult because suitable outlets are not available. 
The land capability classification is Vw. 


1259—Biscay clay loam, ponded, 32 to 40 inches 
to sand and gravel, 0 to 1 percent slopes. This level, 
very poorly drained soil is in shallow depressions on 
upland glacial outwash plains. It is subject to ponding. 
Individual areas are circular. They range from 2 to 10 
acres in size, although some are as large as 20 acres. 

Typically. the surface layer is black, friable clay loam 
about 7 inches thick. The subsurface layer is friable 
clay loam about 15 inches thick and mottled. The upper 
part is black, and the lower part is very dark gray. The 
friable subsoil is olive gray, mottled, and about 13 
inches thick. The upper part is clay loam, and the lower 
part is sandy loam. The substratum to a depth of about 
60 inches is olive gray, calcareous, loamy coarse sand 
and gravel in the upper part and dark gray and gray, 
calcareous, fine sand in the lower part. In places the 
surface layer is thicker. 

Permeability of this Biscay soil is moderate in the 
solum and rapid in the substratum. Runoff is very slow 
or ponded. The soil has a seasonal high water table at 
or near the surface. Available water capacity is 
moderate. The content of organic matter is about 6 to 8 
percent in the surface layer. The subsoil generally has 
a very low supply of available phosphorus and 
potassium. This soil generally has fair tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. Drainage is 
essential for best crop production because many areas 
are ponded in the spring and after heavy rains. 
Underground drains function well on this soil, but in 
some areas the instability of the substratum makes 
installation difficult. This soil is not only seasonally wet 
but also is droughty, especially if rainfall is below 
average or if rains are not timely. If this soil is fall 
plowed and if the surface is left bare, soil blowing is a 
hazard. A system of conservation tillage that leaves 
crop residue on the surface helps to prevent soil 
blowing and conserves moisture. 

If this soil is used as pasture, proper stocking rates, 
pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to maintain 
desirable plant species and keep the pasture in good 
condition. 

The land capability classification is lllw. 


1339—Truman silty clay loam, stratified 
substratum, 0 to 2 percent slopes. This nearly level, 
well drained soil is on uplands and stream terraces. 
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Individual areas are irregularly shaped. They range from 
10 to 60 acres in size, and a few areas are as large as 
220 acres. 

Typically, the surface layer is black, friable silty clay 
loam about 9 inches thick. The subsurface layer is 
friable silty clay loam about 13 inches thick. The upper 
part is black, and the lower part is very dark gray and 
very dark grayish brown. The subsoil is friable and 
about 28 inches thick. The upper part is brown silty clay 
loam; the next part is dark yellowish brown, mottled silty 
clay loam; and the lower part is dark yellowish brown, 
mottled loam. The substratum to a depth of about 60 
inches is brown and dark yellowish brown, mottled fine 
sandy loam. In places the surface layer is more than 24 
inches thick. 

Permeability of this Truman soil is moderate, and 
runoff is slow. Available water capacity is high. The 
content of organic matter is about 3 to 5 percent in the 
surface layer. The subsoil generally has a medium 
supply of available phosphorus and a very low supply of 
available potassium. This soil generally has good tilth. 

Most areas are cultivated. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. If this soil is fall plowed and 
the surface is left bare, soil blowing is a hazard. A 
system of conservation tillage that leaves crop residue 
on the surface helps to prevent excessive soil loss. 
Returning crop residue to the soil and regularly adding 
other organic material improve fertility, help to maintain 
good tilth, and increase the rate of water infiltration. 

The use of this soil as pasture is effective in 
controlling soil blowing. Overgrazing or grazing when 
the soil is too wet causes surface compaction and poor 
tilth. Proper stocking rates, pasture rotation, timely 
deferment of grazing, and restricted use during wet 
periods help to keep the pasture in good condition. 

The land capability classification is |. 


1339B— Truman silty clay loam, stratified 
substratum, 2 to 5 percent slopes. This gently sloping, 
well drained soil is on slightly convex slopes on uplands 
and stream terraces. Individual areas range from 5 to 
15 acres in size and generally are elongated, although 
a few are irregularly shaped. 

Typically, the surface layer is black, friable silty clay 
loam about 7 inches thick. The subsurface layer is very 
dark grayish brown, friable silty clay loam about 7 
inches thick. The subsoil is friable and about 28 inches 
thick. The upper part is brown silty clay loam; the next 
part is dark yellowish brown silty clay loam; and the 
lower part is yellowish brown, mottled loam. The 
substratum to a depth of about 60 inches is brown, 
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mottled fine sandy loam. In a few places the solum is 
loam. 

Permeability of this Truman soil is moderate, and 
runoff is medium. Available water capacity is high. The 
content of organic matter is about 3 to 4 percent in the 
surface layer. The subsoil generally has a medium 
supply of available phosphorus and a very low supply of 
available potassium. This soil generally has good tilth. 

Most areas are cultivated. This soil is well suited to 
corn, soybeans, and small grain and to grasses and 
legumes for hay or pasture. If this soil is used for 
cultivated crops, water erosion is a hazard. Soil blowing 
is a hazard on this soil if areas are fall plowed and the 
surface is left bare. A system of conservation tillage that 
leaves crop residue on the surface helps to prevent 
excessive soil loss. Returning crop residue to the soil 
and regularly adding other organic material improve 
fertility, help to maintain good tilth, and increase the 
rate of water infiltration. 

The use of this soil as pasture is effective in 
controlling erosion. Overgrazing or grazing when the 
soil is too wet causes surface compaction and poor tilth. 
Proper stocking rates, pasture rotation, timely deferment 
of grazing, and restricted use during wet periods help to 
keep the pasture in good condition. 

The land capability classification is lle. 


1506—Wacousta silty clay loam, stratified 
substratum, 0 to 1 percent slopes. This level, very 
poorly drained soil is in a depression adjacent to a 
stream. It is subject to flooding. This individual area is 
about 514 acres in size and is elongated. 

Typically, the surface layer is black, friable silty clay 
loam about 7 inches thick. The subsurface layer is 
black, friable silty clay loam about 10 inches thick. The 
subsoil is olive gray, friable, calcareous silt loam about 
4 inches thick and mottled. The substratum to a depth 
of about 60 inches is olive gray, mottled, calcareous, silt 
loam, loam, fine sandy loam, and loamy fine sand. 

Permeability of this Wacousta soil is moderate, and 
runoff is slow or ponded. The soil has a seasonal high 
water table. Available water capacity is high. Shrink- 
swell potential is high. The content of organic matter is 
about 8 to 10 percent in the surface layer. The subsoil 
generally has a very low supply of available phosphorus 
and a low supply of available potassium. This scil 
generally has fair tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. Drainage is 
essential for best crop production on this soil because 
of flooding, which often drowns out legumes and delays 
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planting. Underground drainage systems work well on 
this soil, but installation may be difficult in places 
because of the instability of the substratum. Drainage in 
some areas needs to be supplemented by shallow 
surface ditches, surface intakes to the underground 
drainage system, or a combination of both. 

Areas in which drainage cannot be improved to make 
crop yields dependable can be used as pasture. 
However, crops selected for pasture and hay should 
tolerate wetness as well as ponding. If this soil is used 
for pasture, grazing when the soil is too wet causes 
surface compaction and damages crops. Proper 
stocking rates, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. 

The land capability classification is lllw. 


1507—Brownton silty clay loam, 0 to 2 percent 
slopes. This nearly level, calcareous, poorly drained, 
slowly permeable soil is on flats and swales on uplands. 
Individual areas range from 5 to 40 acres in size and 
are irregularly shaped. 

Typically, the surface layer is black, firm, calcareous 
silty clay loam about 8 inches thick. The subsurface 
layer is very dark gray, firm, calcareous silty clay loam 
about 9 inches thick. The subsoil is calcareous, about 
22 inches thick, and mottled. The upper part is olive 
gray and dark gray, firm silty clay loam; the next part is 
olive gray, firm silty clay loam; and the lower part is 
olive gray, firm silty clay. The substratum to a depth of 
about 60 inches is olive gray, mottled, calcareous clay. 
In places the surface layer is leached, and in other 
places it is thicker. 

Included with this soil in mapping are small areas of 
Okoboji soils. Okoboji soils are very poorly drained and 
are in depressions. They make up about 5 percent of 
the map unit. 

Permeability of this Brownton soil is slow, and runoff 
is slow. The soil has a seasonal high water table. 
Available water capacity is high. Shrink-swell potential 
is high. The content of organic matter is about 6 or 7 
percent in the surface layer. The subsoil generally has 
a very low supply of available phosphorus and 
potassium. This soil generally has fair tilth. 

Most areas are cultivated. This soil is moderately 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. The main 
limitation is wetness. The root zone is deep, but in wet 
seasons it is restricted by a high water table in areas 
that are inadequately drained. Underground drains 
function more slowly in this soil than in most others in 
the county and must be more closely spaced. If this soil 
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is tilled when too wet, the surface layer puddles easily 
and becomes cloddy and hard when dry. Soil blowing is 
a hazard on this soil, especially if large areas are 
plowed in the fall and the surface is left bare. A system 
of conservation tillage that leaves crop residue on the 
surface helps to control soil blowing and improves 
fertility. Because of the excess calcium carbonate in this 
soil, larger applications of fertilizers are needed 
because of lower availability of plant nutrients. Carry- 
over and sensitivity of some herbicides are problems on 
this soil. 

This soil is also suited to use as pasture. If this soil is 
used as pasture, proper stocking rates, pasture rotation, 
timely deferment of grazing, and restricted use during 
wet periods help to keep the pasture in good condition. 

The land capability classification is Ilw. 


1595—Harpster silty clay loam, 0 to 2 percent 
slopes. This nearly level, highly calcareous, poorly 
drained soil is on rims of depressions and in lovver-iying 
areas on upland glacial outwash plains. Individual areas 
are irregularly shaped. They range from 10 to 50 acres 
in size, but some are as large as 160 acres. 

Typically, the surface layer is black, friable, 
calcareous silty clay loam about 9 inches thick. The 
subsurface layer is very dark gray, friable, calcareous 
silty clay loam about 12 inches thick. The subsoil is 
mottled, friable, calcareous, and about 19 inches thick. 
The upper part is dark grayish brown silty clay loam; the 
next part is grayish brown silt loam; and the lower part 
is light grayish brown silt loam. The substratum to a 
depth of about 60 inches is light grayish brown, mottled, 
calcareous silt loam. In a few places the surface layer is 
loam. 

Included with this soil in mapping are a few small 
areas of Okoboji soils. Okoboji soils are very poorly 
drained and in depressions. They make up less than 5 
percent of the map unit. 

Permeability of this Harpster soil is moderate, and 
runoff is slow. This soil has a seasonal high water table. 
Available water capacity is high. The content of organic 
matter is about 5 to 7 percent in the surface layer. The 
subsoil generally has a very low supply of available 
phosphorus and potassium. This soil generally has fair 
tifth. 

Most areas are cultivated. This soil is moderately well 
suited to corn, soybeans, and small grain and to 
grasses and legumes for hay or pasture. Wetness is the 
main limitation. Drainage is essential for best crop 
production, and underground drainage systems function 
well. Most of the acreage of this soil is tilled in fall, but if 
the surface is left bare or unprotected soil blowing is a 
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hazard. A system of conservation tillage that leaves 
crop residue on the soil surface and the regular addition 
of other organic material help to improve structure and 
reduce soil blowing. Because of the excess 
concentration of calcium carbonate in this soil, larger 
applications of fertilizer are needed because of lower 
availability of plant nutrients. Carry-over and sensitivity 
of some herbicides are problems on this soil. The 
supply of available iron is sometimes deficient, and in 
places the availability of minor elements may be low. 
Soybeans may show visual evidence of iron deficiency 
when grown on this soil. Soybean varieties that tolerate 
high-lime conditions should be selected. 

Using this soil as pasture is effective in preventing 
soil blowing. Overgrazing or grazing when the soil is too 
wet, however, causes surface compaction, poor tilth, 
and a lower water infiltration rate. Proper stocking rates, 
pasture rotation, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. 

The land capability classification is Iw. 


1733—Calco silty clay loam, frequently flooded, 0 
to 2 percent slopes. This nearly level, poorly drained, 
calcareous soil is on bottom land. It is subject to 
flooding. Individual areas are long and narrow and 
parallel the sides of small streams. They range from 10 
to 25 acres in size, but some are as large as 35 acres. 

Typically, the surface layer is black, friable silty clay 
loam about 16 inches thick. The subsurface layer is silty 
clay loam about 32 inches thick. The upper part is black 
and friable; the next part is black and firm; and the 
lower part is black and very dark gray, mottled, and 
firm. The substratum to a depth of about 60 inches is 
olive gray, mottled silty clay loam. This soil is 
calcareous throughout. In places the surface does not 
have carbonates. In a few places the texture of the 
solum is clay loam. 

Permeability of this Calco soil is moderate, and runoff 
is slow. Runoff is also received from adjacent soils. The 
soil has a seasonal high water table. Available water 
capacity is high. Shrink-swell potential is high. The 
content of organic matter is about 5 to 7 percent in the 
surface layer. The subsoil generally has a medium 
supply of available phosphorus and a very low supply of 
available potassium. This soil generally has fair tilth. 

Flooding is a severe hazard on this soil; 
consequently, most areas remain in cool-season 
grasses or are left idle. Areas of cool-season grasses 
are used as pasture. Idle areas provide good habitat for 
some species of wildlife. This soil is not suited to 
cultivated crops and hay. If flooding is controlled, old 
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stream channels filled, and a drainage system installed, 
this soil is well suited to row crops and hay. These 
practices may be too expensive to install. 

This soil is suited to pasture. Areas that are used as 
pasture provide good grazing for livestock. Overgrazing 
or grazing when the soil is too wet causes surface 
compaction and poor tilth. Proper stocking rates, 
rotational grazing, timely deferment of grazing, and 
restricted use during wet periods help to keep the 
pasture in good condition. 

The land capability classification is Vw. 


2222—Adrian muck, 0 to 1 percent slopes. This 
level, very poorly drained, organic soil is in upland 
depressions within outwash plains. It is subject to 
ponding. Individual areas range from 10 to 160 acres in 
size. Most are irregularly shaped, but some are circular. 

Typically, the surface layer is black, slightly sticky 
sapric material about 7 inches thick. The subsurface 
layer is black, slightly sticky sapric material about 27 
inches thick. It is mottled in the lower part. The 
substratum to a depth of about 60 inches is olive gray, 
mottled loamy sand. In other places a layer of mineral 
material is less than 5 inches thick and is between the 
organic layer and the underlying sandy material. 

Permeability of this Adrian soil is moderately slow to 
moderately rapid in the organic material and rapid in the 
substratum. Runoff is very slow. The soil has a 
seasonal high water table. Available water capacity is 
very high. The content of organic matter is more than 
20 percent in the surface layer. The subsoil generally 
has a very low supply of available phosphorus and 
potassium. This soil generally has good tilth. 

Most areas are artificially drained and are used for 
row crops. This soil is poorly suited to row crops even if 
adequately drained. Drainage is essential for best crop 
production. In addition to underground drains, surface 
intakes are used, although in places outlets are difficult 
to find that are deep enough for drains to function 
adequately. Also, installation of underground drains may 
be difficult in places because of the instability of the 
substratum. During periods of excessive rainfall, crops 
are sometimes damaged or destroyed before tile drains 
can remove the excess water. If this crop damage 
occurs early in the season, the land can be replanted. 
This soil is slow to warm in spring, and planting is 
delayed. This soil is in low-lying areas; consequently, 
the surface will lose heat rapidly and frost will often 
injure crops in late spring and early fall. Using early 
maturing varieties helps to reduce crop losses caused 
by late planting and early frost. This soil can be tilled 
within a wide range of moisture content. Fall plowing 
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should be avoided on this soil because the surface is 
subject to soil blowing when dry and unprotected. The 
application rates of some herbicides should be 
increased on this soil because of the high organic 
matter content, which causes herbicides to be less 
effective. Small grain tends to lodge badly and to 
produce harvests of poor quality. Legumes for hay grow 
poorly on this soil and are often winterkilled. 

In partially drained areas this soil is suited to 
permanent pasture consisting of bluegrass, bromegrass, 
and reed canarygrass. Undrained areas generally are 
suited to use as habitat for wildlife. 

The land capability classification is IVw. 


4000—Urban land. This map unit is on nearly level 
and gently sloping uplands south of the town of Forest 
City. The area is about 360 acres in size and is 
rectangular. 

This map unit is covered by streets, parking lots, 
buildings, and other structures that so obscure or alter 
the soils that identification of the soils is not feasible. In 
many areas the structures are built on loamy or clayey 
fill material that ranges from 24 to 60 inches or more in 
thickness. Most areas are drained by surface drains, 
sewer systems, and gutters. 

No land capability classification is assigned. 


5010—Pits, sand and gravel. This map unit 
dominantly is on outwash plains on uplands. Most pits 
are still active. The pits range from less than 1 acre to 
more than 40 acres in size and commonly are square or 
rectangular. 

Typically, available water capacity is low or very low 
in the soil material. As a result, the material tends to be 
droughty during much of the growing season. In most 
areas it has a seasonal high water table. Also, the low- 
lying areas are ponded during wet periods. Stones and 
cobbles commonly are on the surface. 

The inactive pits support weeds and small trees. 
Some have been used as refuse dumps. The pits can 
be developed for wildlife or recreational use. The trees 
and shrubs that can withstand droughtiness and a high 
content of lime should be selected for planting. 

No land capability classification is assigned. 


5040—Orthents, loamy. These nearly level to 
strongly sloping soils are used as borrow areas for 
construction. In some areas the original soil has been 
removed to a depth of 3 to 20 feet or more, and in other 
areas 4 to 10 inches of topsoil have been redistributed, 
commonly in an uneven pattern. The soils range from 
excessively drained to somewhat poorly drained, 
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depending on the kind of material from which the soils 
were derived and the extent to which the borrow area is 
restored. Areas typically range from 4 to 50 acres in 
size. 

Typically, the uppermost 60 inches is yellowish 
brown, friable sandy loam. In many places cobbles and 
pebbles are common on the surface. In some places 
the texture is loam. The surface color ranges from very 
dark gray to dark brown. 

Included with these soils in mapping are a few small 
areas of sand. Also included are a few areas that were 
once dumps or landfills and have now been covered. 

Permeability in Orthents, loamy, varies with texture 
and density. Runoff is slow to rapid. Available water 
capacity is moderate or low. These soils, because they 
were 3 to 20 feet or more beneath the surface, have 
less pore space and a higher density than the original 
surface layer. They have not been appreciably affected 
by the processes of soil formation, such as freezing and 
thawing. The content of organic matter in these soils is 
very low unless the topsoil has been redistributed 
throughout the area. As a result, preparing a good 
seedbed is difficult and drought is a hazard. In most 
areas these soils have a very low supply of available 
phosphorus and potassium. 

These soils are better suited to small grain and to 
grasses and legumes for hay and pasture than to row 
crops. They are suited to row crops only in some areas, 
where the topsoil has been redistributed. Corn and 
soybeans are grown in these areas. In the more sloping 
areas, if cultivated crops are grown, erosion is a 
moderate or severe hazard. A system of conservation 
tillage that leaves crop residue on the surface helps to 
control erosion and stabilize the soils. 

No land capability classification is assigned. 


Prime Farmland 


Prime farmland is one of several kinds of important 
farmland defined by the U.S. Department of Agriculture. 
it is of major importance in meeting the Nation's short- 
and long-range needs for food and fiber. Because the 
supply of high quality farmland is limited, the U.S. 
Department of Agriculture recognizes that responsible 
levels of government, as well as individuals, should 
encourage and facilitate the wise use of our Nation's 
prime farmland. 

Prime farmland, as defined by the U.S. Department 
of Agriculture, is the land that is best suited to food, 
feed, forage, fiber, and oilseed crops. It may be 
cultivated land, pasture, woodland, or other land, but it 
is not urban and built-up land or water areas. It either is 
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used for food or fiber crops or is available for those 
crops. The soil qualities, growing season, and moisture 
supply are those needed for a well managed soil to 
produce a sustained high yield of crops in an economic 
manner, Prime farmland produces the highest yields 
with minimal inputs of energy and economic resources, 
and farming it results in the least damage to the 
environment. 

Prime farmland has an adequate and dependable 
supply of moisture from precipitation or irrigation. The 
temperature and growing season are favorable. The 
level of acidity or alkalinity is acceptable. Prime 
farmland has few or no rocks and is permeable to water 
and air. It is not excessively erodible or saturated with 
water for long periods and is not frequently flooded 
during the growing season. The slope ranges mainly 
from 0 to 6 percent. More detailed information about the 
criteria for prime farmland is available at the local office 
of the Soil Conservation Service. 

About 280,000 acres in the survey area, or nearly 76 
percent of the total acreage, meets the soil 
requirements for prime farmland. Areas of this land are 
throughout the county. About 270,000 acres of this 
prime farmland is used for crops. The crops grown on 
this land, mainly corn and soybeans, account for about 
80 percent of the county's total agricultural income each 
year. 

A recent trend in land use in some parts of the 
county has been the loss of some prime farmland to 
industrial and urban uses. The loss of prime farmland to 
other uses puts pressure on marginal lands, which 
generally are more erodible, droughty, and less 
productive and cannot be easily cuttivated. 

The map units in the survey area that are considered 
prime farmland are listed in table 5. This list does not 
constitute a recommendation for a particular land use. 
The extent of each listed map unit is shown in table 4. 
The location is shown on the detailed soil maps at the 
back of this publication. The soil qualities that affect use 
and management are described under the heading 
"Detailed Soil Map Units." 

Soils that have limitations or hazards, such as a 
seasonal high water table, frequent flooding during the 
growing season, or inadequate rainfall, qualify for prime 
farmland only in areas where these limitations or 
hazards have been overcome by such measures as 
drainage, flood control, or irrigation. The need for these 
measures is indicated after the map unit name in table 
5. Onsite evaluation is needed to determine whether or 
not these limitations have been overcome by corrective 
measures. 
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Use and Management of the Soils 


This soil survey is an inventory and evaluation of the 
soils in the survey area. It can be used to adjust land 
uses to the limitations and potentials of natural 
resources and the environment. Also, it can help avoid 
soil-related failures in land uses. 

In preparing a soil survey, soil scientists, 
conservationists, engineers, and others collect 
extensive field data about the nature and behavior 
characteristics of the soils. They collect data on erosion, 
droughtiness, flooding, and other factors that affect 
various soil uses and management. Field experience 
and collected data on soil properties and performance 
are used as a basis in predicting soil behavior. 

Information in this section can be used to plan the 
use and management of soils for crops and pasture; as 
woodland; as sites for buildings, sanitary facilities, 
highways and other transportation systems, and parks 
and other recreation facilities; and for wildlife habitat. It 
can be used to identify the potentials and limitations of 
each soil for specific land uses and to help prevent 
construction failures caused by unfavorable soil 
properties. 

Planners and others using soil survey information 
can evaluate the effect of specific land uses on 
productivity and on the environment in all or part of the 
survey area. The survey can help planners to maintain 
or create a land use pattern in harmony with the natural 
soil. 

Contractors can use this survey to locate sources of 
sand and gravel, roadfill, and topsoil. They can use it to 
identify areas where bedrock, wetness, or very firm soil 
layers can cause difficulty in excavation. 

Health officials, highway officials, engineers, and 
others may also find this survey useful. The survey can 
help them plan the safe disposal of wastes and locate 
sites for pavements, sidewalks, campgrounds, 
playgrounds, lawns, and trees and shrubs. 


Crops and Pasture 


General management needed for crops and pasture 
is Suggested in this section. The crops or pasture plants 


best suited to the soils, including some not commonly 
grown in the survey area, are identified; the system of 
land capability classification used by the Soil 
Conservation Service is explained; and the estimated 
yields of the main crops and hay and pasture plants are 
listed for each soil. 

Planners of management systems for individual fields 
or farms should consider the detailed information given 
in the description of each soil under “Detailed Soil Map 
Units.” Specific information can be obtained from the 
local office of the Soil Conservation Service or the 
Cooperative Extension Service. 

In 1983, about 332,200 acres in Hancock County 
was used for agricultural purposes. Of this total, 
approximately 229,000 acres was used for corn and 
soybeans, 4,300 acres for oats, and 9,800 acres for 
hay. Field crops suited to the soils and climate in the 
county include many that are not commonly grown. The 
main crops are corn and soybeans. Grain sorghum, 
sunflowers, sugar beets, sweet corn, popcorn, and 
canning peas are among the crops that can be grown if 
economic and other conditions are favorable. Oats is 
the most common close-growing crop. Wheat, barley, 
rye, and flax can be grown. A variety of forage crops 
can also be grown, and seed can be produced from 
these crops. 

Specialty crops are not commonly grown in the 
county, but a small acreage is used for sweet corn. 
Most of the upland soils are suited to a variety of 
specialty crops, including orchard crops. Some of the 
organic soils are suited to potatoes. The rest are used 
for pasture, woodland, farmsteads, roads, or 
miscellaneous crops or are left idle. 

The paragraphs that follow describe the major 
concerns in managing the soils in the county for crops 
and pasture. These concerns are water erosion and soil 
blowing, drainage, fertility, and tilth. 

Water erosion is a major problem on about 157,000 
acres, or 43 percent, of the cropland and pasture in the 
county. If the slope is 3 percent or more, water erosion 
is a hazard. Measures that control erosion are needed 
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on Bode, Bolan, Clarion, Collinwood, Dickman, 
Estherville, Kilkenny, Lester, Ridgeport, Salida, Storden, 
Sunburg, and Vinje soils. 

Loss of the surface layer through erosion reduces the 
productivity of soils and results in sedimentation of 
streams and lakes. Productivity is reduced as the 
surface layer is lost and part of the subsoil is 
incorporated into the plow layer. Loss of the surface 
layer is especially damaging on Clarion and other soils 
that have a subsurface layer that is very low in fertility. 
On soils that have a fine textured subsoil, such as 
Collinwood, Kilkenny, and Vinje soils, erosion exposes 
Soil material in which fertility and the infiltration rate are 
lower and tilth is poor. Thus, preparing a good seedbed 
is much more difficult and erosion is greatly 
accelerated. Erosion also reduces the productivity of 
soils that tend to be droughty, such as Bolan, Dickman, 
Estherville, Ridgeport, Salida, and Wadena soils. 
Control of erosion helps to maintain the productivity of 
Soils. It minimizes the pollution of streams and lakes, 
and it also improves the quality of water for municipal 
use, for recreation, and for fish and other wildlife. 

Erosion control practices provide a protective cover, 
reduce the runoff rate, and increase the rate of water 
infiltration. A cropping system that keeps a vegetative 
cover on the soil for extended periods can hold soil 
losses to an amount that will not reduce the productive 
capacity of the soils. On livestock farms, including 
forage crops of grasses and legumes in the cropping 
sequence not only helps to control erosion on sloping 
land but also provides nitrogen and improves tilth for 
the foliowing crop. 

Certain methods of conservation tillage that leave a 
protective amount of crop residue on the surface are 
effective in controlling erosion. In no-till, the seedbed is 
prepared and the seed is planted in one operation. The 
surface is disturbed only in the immediate area of the 
planted seed row. A protective cover of crop residue is 
left on about 90 percent of the surface. In strip-till and 
ridge planting, the seedbed is prepared and the seed is 
planted in one operation. Tillage is limited to a strip not 
wider than one third of the total area. A protective cover 
of crop residue is left on two-thirds of the surface. In 
mulch-till, the soil is tilled throughout the field and part 
of the crop residue is incorporated into the soil. 
Preparing the seedbed and planting may be combined 
or separate operations. 

Terraces reduce the length of slopes and thus the 
runoff rate and the risk of water erosion. They are most 
practical on deep, well drained soils that have long, 
uniform slopes. In Hancock County, the slopes 
commonly are not very uniform, but many soils are 
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suitable for terracing. Examples of these are Bode, 
Clarion, Lester, and Storden soils. Other soils, such as 
Kilkenny and Vinje soils, are less suited because of a 
fine textured subsoil. Terracing generally is not practical 
on soils that have a coarse or moderately coarse 
texture in the surface layer or that are shallow to such 
textures. Examples of these are Bolan, Dickman, 
Estherville, Ridgeport, Salida, and Wadena soils. 

in some areas gully-control structures and grassed 
waterways are needed. Grassed waterways slow runoff, 
trap sediments, and help to prevent gullying. 

Soil blowing is a serious hazard on Dickman, 
Ridgeport, and Sunburg soils, and is a somewhat lesser 
hazard on Harcot, Harps, Harpster, Mayer, and Linder 
Soils. The sandy soils tend to dry quickly, and are highly 
susceptible to soil blowing. Harcot, Harps, and Harpster 
soils are susceptible because they are calcareous and 
have a weak grade of structure in the surface layer. In a 
few hours windblown sand can damage young plants if 
winds are strong and the surface is left bare. Soil 
blowing also is a serious hazard in bare areas of the 
organic Adrian, Blue Earth, Houghton, Muskego, and 
Palms soils. These soils are particularly susceptible if 
they are tilled in the fall. Soil blowing can be controlled 
by a good plant cover, surface mulch, or tillage methods 
that keep the surface rough. Windbreaks of suitable 
trees and shrubs also help to control soil blowing. 

Drainage is a management concern on 201,795 
acres, or 55 percent of the cropland and pasture in the 
county. The very poorly drained Adrian, Biscay, ponded, 
Blue Earth, Houghton, Muskego, Okoboji, Palms, Rolfe, 
Wacousta, and Wacousta, stratified substratum, soils 
are naturally so wet that the production of crops 
commonly grown in the county generally is not possible. 
These soils make up 35,569 acres in the county. Most 
of the acreage of these soils has been artificially 
drained and is cropped. In extremely wet years, 
however, many areas are flooded and crops are 
destroyed or are not planted. 

Unless they are drained, the poorly drained Biscay, 
Brownton, Calco, Canisteo, Coland, Fieldon, Harcot, 
Harps, Harpster, Kossuth, Mayer, Spicer, Waldorf, and 
Webster soils are so wet that crops are damaged in 
most years. These soils make up about 45 percent of 
the county. They are more productive and more easily 
managed if they are drained. All of these soils, except 
for some Calco and Coland soils, have been drained, 
but measures that improve drainage are needed in 
Some areas. 

The design of both surface and subsurface drainage 
Systems varies with the kind of soil. If the very poorly 
drained soils are intensively row cropped, a combination 
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of tile drainage and surface intakes generally is needed. 
in some areas a surface drainage system is also 
needed. Tile drains generally are adequate in the poorly 
drained soils. The drains should be more closely 
spaced in slowly permeable or very slowly permeable 
soils than in the more rapidly permeable soils. Care is 
needed to prevent overdraining of soils that formed in 
outwash or of soils that have a sandy substratum, such 
as Biscay, Fieldon, Harcot, and Mayer soils. 

Tile drainage is very slow in Brownton, Kossuth, 
Okoboji, and Waldorf soils because of a fine textured 
subsoil and the lack of suitable outlets in many areas. 
Locating satisfactory outlets for a tile drainage system 
also is difficult in some areas of very poorly drained 
soils, such as Blue Earth, Houghton, Muskego, and 
Palms soils, and in many areas of the poorly drained 
Coland soils. Adequate outlets generally are more 
readily available in areas of the other poorly drained 
soils. In many of these areas, measures that improve 
drainage are needed. 

Soil fertility is affected by the supply of available 
phosphorus and potassium in the subsoil, by pH, and 
by the content of organic matter. The supply of 
available phosphorus is low or very low in most of the 
soils in the county. Most of the soils in the county are 
slightly acid to moderately alkaline in the subsoil. 
Northeast of the Winnebago River, however, many of 
the soils range to medium acid in the subsoil. These are 
mainly the soils that formed in areas where the native 
vegetation was mixed trees and prairie grasses. On 
these soils and on many other soils in the county, 
applications of ground limestone are needed to raise 
the pH level sufficiently for crops, particularly alfalfa, to 
grow well. 

Many soils in Hancock County have excess 
carbonates in the surface layer and subsoil. Examples 
of these are Blue Earth, Canisteo, Corwith, Crippin, 
Fieldon, Harcot, Harps, Harpster, Mayer, Salida, Spicer, 
Storden, and Sunburg soils. The high pH level of these 
soils, particularly the Harcot, Harps, and Harpster soils, 
reduces the supply of available phosphorus and some 
micronutrients. 

The amount of nitrogen available to plants is related 
to the content of organic matter. In Hancock County, 
most of the well drained and somewhat poorly drained 
upland soils that formed under a native vegetation of 
prairie grasses, such as Clarion and Nicollet soils, have 
a moderate or high content of organic matter. The 
content generally is very low, however, in Storden and 
Sunburg soils. It is very high in the very poorly drained 
Blue Earth, Houghton, Muskego, and Palms soils and in 
some areas of the very poorly drained Okoboji soils and 
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is high in the poorly drained soils. 

The well drained Kilkenny and Lester soils and other 
soils that formed under a native vegetation of trees or 
mixed trees and grasses have a low or moderate 
content of organic matter. They generally have a lower 
content than the soils that formed under a native 
vegetation of prairie grasses. In eroded areas, the 
content of organic matter generally is very low. It 
generally is low or very low in moderately coarse 
textured soils, such as Dickman, Ridgeport, and Salida 
soils. 

Biscay, Bolan, Dickman, Estherville, Fieldon, Linder, 
Mayer, Ridgeport, Salida, and Wadena soils have a 
limited available water capacity. The other soils in the 
county, however, have a high or very high available 
water capacity and generally are very productive if the 
proper kinds and amounts of fertilizer are applied. 

Applications of herbicide are affected by the content 
of organic matter, the pH Jevel, carbonates, and texture. 
Applications of lime and fertilizer should be based on 
the results of soil tests, on the needs of the craps, and 
on the expected level of yields. The Cooperative 
Extension Service can help in determining the kinds and 
amounts of fertilizer, herbicide, and lime to be applied. 

Tilth is an important factor affecting the germination 
of seeds, the infiltration of water into the soil, and the 
ease of preparing a good seedbed. Soils in which tilth is 
good have granular structure, generally are high in the 
content of organic matter, and are porous. 

Many of the well drained and somewhat poorly 
drained soils that are intensively row cropped have a 
loam surface layer. Examples are Clarion and Nicollet 
soils. The lighter colored Lester soils also have a loam 
surface layer, but this layer is lower in content of 
organic matter than that of the Clarion and Nicollet 
soils, has a weaker structure, and is more likely to form 
a crust during periods of intense rainfall. The crust is 
hard when dry. It reduces the rate of water infiltration 
and increases the rate of runoff. In other soils, such as 
Storden, the content of organic matter also is low or 
very low and tilth is poor. Rainfall readily runs off the 
surface of these soils, causing erosion. Regular 
additions of crop residue, manure, and other organic 
material improve soil structure and help to prevent 
excessive crusting. Including legumes and grasses in 
the cropping sequence improves tilth and reduces the 
susceptibility to erosion. 

Tilth is somewhat poorer in the finer textured, well 
drained soils, such as Kilkenny and Vinje soils, than in 
medium textured, well drained soils. The finer textured 
soils generally are sticky when wet and are hard and 
cloddy when dry. Careful management and timely 


70 


fieldwork are needed to obtain a good seedbed. 
Regular additions of organic material, such as crop 
residue and manure, and a cropping sequence that 
includes grasses and legumes improve tilth and help to 
control erosion. 

Preparing a good seedbed is somewhat difficult on 
Collinwood and Ottosen soils and on the poorly drained 
Kossuth and Waldorf soils. All of these soils have a 
high content of clay in the surface layer. Fall tillage is 
common on these soils. Freezing and thawing improves 
tilth on soils that have been tilled in the fall. A good 
seedbed is more easily prepared in fall-tilled soils than 
in soils that are tilled in the spring. If large areas are 
tilled in the fall, however, soil blowing can be a problem 
as the soil dries in the spring. It can be controlled by 
leaving alternating protective strips or by leaving crop 
residue on the surface or mixing it into the surface 
layer. Chisel plowing is very effective in controlling soil 
blowing. These soils are well suited to ridge planting. 

Permanent pasture in the county generally is planted 
to bluegrass, but many pastured areas also support 
trees and brush. Some have been renovated and are 
planted to legume-grass mixtures, such as alfalfa and 
bromegrass. Most of the pastures are not used as 
cropland because the soils are too steep or too wet for 
cultivation, are frequently flooded, or support trees. 

Forage production can be increased by renovating 
the pasture, which helps to establish the more 
productive grasses and legumes, and by planting warm- 
season grasses, including switchgrass, big bluestem, 
and indiangrass. Improved drainage is needed in many 
areas. Brush and trees should be removed or thinned in 
some areas. 

The management needed on established stands 
includes applications of fertilizer, control of weeds and 
brush, rotation and deferred grazing in a fuil-season 
grazing system, proper stocking rates, and adequate 
livestock watering facilities. If the protective plant cover 
is destroyed when pasture or hayland is renovated, 
erosion is a serious hazard in the steeper areas. If 
cultivated crops are grown prior to reseeding, contour 
farming, grassed waterways, and no-till planting or other 
Systems of conservation tillage that leave crop residue 
on the surface are needed to control erosion. 
Interseeding grasses and legumes into the existing sod 
eliminates the need for destroying the plant cover 
during seedbed preparation. 


Yields Per Acre 


The average yields per acre that can be expected of 
the principal crops under a high level of management 
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are shown in table 6. In any given year, yields may be 
higher or lower than those indicated in the table 
because of variations in rainfall and other climatic 
factors. The land capability classification of each map 
unit also is shown in the table. 

The yields are based mainly on the experience and 
records of farmers, conservationists, and extension 
agents. Available yield data from nearby counties and 
results of field trials and demonstrations are also 
considered. 

The management needed to obtain the indicated 
yields of the various crops depends on the kind of soil 
and the crop. Management can include drainage, 
erosion control, and protection from flooding; the proper 
planting and seeding rates; suitable high-yielding crop 
varieties; appropriate and timely tillage; control of 
weeds, plant diseases, and harmful insects; favorable 
soil reaction and optimum levels of nitrogen, 
phosphorus, potassium, and trace elements for each 
crop; effective use of crop residue, barnyard manure, 
and green manure crops; and harvesting that ensures 
the smallest possible loss. 

The estimated yields reflect the productive capacity 
of each soil for each of the principal crops. Yields are 
likely to increase as new production technology is 
developed. The productivity of a given soil compared 
with that of other soils, however, is not likely to change. 

Crops other than those shown in table 6 are grown in 
the survey area, but estimated yields are not listed 
because the acreage of such crops is small. The local 
office of the Soil Conservation Service or of the 
Cooperative Extension Service can provide information 
about the management and productivity of the soils for 
those crops. 


Land Capability Classification 


Land capability classification shows, in a general 
way, the suitability of soils for most kinds of field crops. 
Crops that require specia! management are excluded. 
The soils are grouped according to their limitations for 
field crops, the risk of damage if they are used for 
crops, and the way they respond to management. The 
criteria used in grouping the soils do not include major 
and generally expensive landforming that would change 
slope, depth, or other characteristics of the soils, nor do 
they include possible but unlikely major reclamation 
projects. Capability classification is not a substitute for 
interpretations designed to show suitability and 
limitations of groups of soils for woodland and for 
engineering purposes. 

In the capability system, soils are generally grouped 
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at three levels: capability class, subclass, and unit. Only 
class and subclass are used in this survey. 

Capability classes, the broadest groups, are 
designated by Roman numerals | through Vili. The 
numerals indicate progressively greater limitations and 
narrower choices for practical use. The classes are 
defined as follows: 

Class | soils have few limitations or hazards that 
restrict their use. 

Class li soils have moderate limitations or hazards 
that reduce the choice of plants or that require 
moderate conservation practices. 

Class Ill soils have severe limitations or hazards that 
reduce the choice of plants or that require special 
conservation practices, or both. 

Class IV soils have very severe limitations or hazards 
that reduce the choice of plants or that require very 
careful management, or both. 

Class V soils are not likely to erode but have other 
limitations or hazards, impractical to remove, that limit 
their use. 

Class VI soils have severe limitations or hazards that 
make them generally unsuitable for cultivation. 

Class VII soils have very severe limitations or 
hazards that make them unsuitable for cultivation. 

Class VIII soils and miscellaneous areas have 
limitations or hazards that nearly preclude their use for 
commercial crop production. 

Capability subclasses are soil groups within one 
class. They are designated by adding a small letter, e, 
w, S, Or c, to the class numeral, for example, lle. The 
letter e shows that the main limitation is risk of erosion 
unless close-growing plant cover is maintained; w 
shows that water in or on the soil interferes with plant 
growth or cultivation (in some soils the wetness can be 
partly corrected by artificial drainage); s shows that the 
Soil is limited mainly because it is shallow, droughty, or 
stony; and c, used in only some parts of the United 
States. shows that the chief limitation is climate that is 
very cold or very dry. 

In class | there are no subclasses because the soils 
of this class have few limitations. Class V contains only 
the subclasses indicated by w, s, or c because the soils 
in class V are subject to little or no erosion. They have 
other limitations that restrict their use to pasture, 
woodland, wildlife habitat, or recreation. 

The capability classification of each map unit is given 
in the section "Detailed Soil Map Units" and in the 
yields table. 
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Windbreaks and Environmental Plantings 


Windbreaks protect livestock, buildings, and yards 
from wind and snow. They also protect fruit trees and 
gardens, and they furnish habitat for wildlife (fig. 12). 
Several rows of low- and high-growing broadleaf and 
coniferous trees and shrubs provide the most 
protection. 

Field windbreaks are narrow plantings made at right 
angles to the prevailing wind and at specific intervals 
across the field. The interval depends on the erodibility 
of the soil. Field windbreaks protect cropland and crops 
from wind, help to keep snow on the fields, reduce 
energy requirements, and provide food and cover for 
wildlife. 

Environmental plantings help to beautify and screen 
houses and other buildings and to abate noise. The 
plants, mostly evergreen shrubs and trees, are closely 
spaced. To ensure plant survival, a healthy planting 
stock of suitable species should be planted properly on 
a well prepared site and maintained in good condition. 

Table 7 shows the height that locally grown trees and 
shrubs are expected to reach in 20 years on various 
soils. The estimates in table 7 are based on 
measurements and observation of established plantings 
that have been given adequate care. They can be used 
as a guide in planning windbreaks and screens. 
Additional information on planning windbreaks and 
screens and planting and caring for trees and shrubs 
can be obtained from local offices of the Soil 
Conservation Service or the Cooperative Extension 
Service or from a commercial nursery. 


Recreation 


The soils of the survey area are rated in table 8 
according to limitations that affect their suitability for 
recreation. The ratings are based on restrictive soil 
features, such as wetness, slope, and texture of the 
surface layer. Susceptibility to flooding is considered. 
Not considered in the ratings, but important in 
evaluating a site, are the location and accessibility of 
the area, the size and shape of the area and its scenic 
quality, vegetation, access to water, potential water 
impoundment sites, and access to public sewerlines. 
The capacity of the soil to absorb septic tank effluent 
and the ability of the soil to support vegetation are also 
important. Soils subject to flooding are limited for 
recreation use by the duration and intensity of flooding 
and the season when flooding occurs. In planning 
recreation facilities, onsite assessment of the height, 
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Figure 12.—This windbreak on Lester loam, 5 to 9 percent slopes, moderately eroded, protects buildings and yards from wind and snow. It 
also provides excellent habitat for wildlife. 


duration, intensity, and frequency of flooding is 
essential. 

In table 8, the degree of soil limitation is expressed 
as slight, moderate, or severe. Slight means that soil 
properties are generally favorable and that limitations 
are minor and easily overcome. Moderate means that 
limitations can be overcome or alleviated by planning, 
design, or special maintenance. Severe means that soil 
properties are unfavorable and that limitations can be 
offset only by costly soil reclamation, specia! design, 
intensive maintenance, limited use, or by a combination 
of these measures. 

The information in table 8 can be supplemented by 
other information in this survey, for example, 
interpretations for septic tank absorption fields in table 
11 and interpretations for dwellings without basements 
and for local roads and streets in table 10. 

Camp areas require site preparation, such as shaping 
and leveling the tent and parking areas, stabilizing 


roads and intensively used areas, and installing sanitary 
facilities and utility lines. Camp areas are subject to 
heavy foot traffic and some vehicular traffic. The best 
Soils have gentle slopes and are not wet or subject to 
flooding during the period of use. The surface has few 
or no stones or boulders, absorbs rainfall readily but 
remains firm, and is not dusty when dry. Strong slopes 
and stones or boulders can greatly increase the cost of 
constructing camp sites. 

Picnic areas are subject to heavy foot traffic. Most 
vehicular traffic is confined to access roads and parking 
areas. The best soils for picnic areas are firm when wet 
are not dusty when dry, are not subject to flooding 
during the period of use, and do not have slopes or 
stones or boulders that increase the cost of shaping 
sites or of building access roads and parking areas. 

Playgrounds require soils that can withstand intensive 
foot traffic. The best soils are almost level and are not 
wet or subject to flooding during the season of use. The 
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surface is free of stones and boulders, is firm after 
rains, and is not dusty when dry. If grading is needed, 
the depth of the soil over bedrock should be 
considered. 

Paths and trails for hiking and horseback riding 
should require little or no cutting and filling. The best 
soils are not wet, are firm after rains, are not dusty 
when dry, and are not subject to flooding more than 
once a year during the period of use. They have 
moderate slopes and few or no stones or boulders on 
the surface. 

Golf fairways are subject to heavy foot traffic and 
some light vehicular traffic. Cutting or filling may be 
required. The best soils for use as golf fairways are firm 
when wet, are not dusty when dry, and are not subject 
to prolonged flooding during the period of use. They 
have moderate slopes and no stones or boulders on the 
surface. The suitability of the soil for tees or greens is 
not considered in rating the soils. 


Wildlife Habitat 


Soils affect the kind and amount of vegetation that is 
available to wildlife as food and cover. They also affect 
the construction of water impoundments. The kind and 
abundance of wildlife depend largely on the amount and 
distribution of food, cover, and water. Wildlife habitat 
can be created or improved by planting appropriate 
vegetation, by maintaining the existing plant cover, or 
by promoting the natural establishment of desirable 
plants. 

In table 9, the soils in the survey area are rated 
according to their potential for providing habitat for 
various kinds of wildlife. This information can be used in 
planning parks, wildlife refuges, nature study areas, and 
other developments for wildlife; in selecting soils that 
are suitable for establishing, improving, or maintaining 
specific elements of wildlife habitat; and in determining 
the intensity of management needed for each element 
of the habitat. 

The potential of the soil is rated good, fair, poor, or 
very poor. A rating of good indicates that the element or 
kind of habitat is easily established, improved, or 
maintained. Few or no limitations affect management, 
and satisfactory results can be expected. A rating of fair 
indicates that the element or kind of habitat can be 
established, improved. or maintained in most places. 
Moderately intensive management is required for 
satisfactory results. A rating of poor indicates that 
limitations are severe for the designated element or 
kind of habitat. Habitat can be created, improved, or 
maintained in most places, but management is difficult 
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and must be intensive. A rating of very poor indicates 
that restrictions for the element or kind of habitat are 
very severe and that unsatisfactory results can be 
expected. Creating, improving, or maintaining habitat is 
impractical or impossible. 

The elements of wildlife habitat are described in the 
following paragraphs. 

Grain and seed crops are domestic grains and seed- 
producing herbaceous plants. Soil properties and 
features that affect the growth of grain and seed crops 
are depth of the root zone, texture of the surface layer, 
available water capacity, wetness, slope, surface 
stoniness, and flood hazard. Soil temperature and soil 
moisture are also considerations. Examples of grain 
and seed crops are corn, wheat, oats, and barley. 

Grasses and legumes are domestic perennial grasses 
and herbaceous legumes. Soil properties and features 
that affect the growth of grasses and legumes are depth 
of the root zone, texture of the surface layer, available 
water capacity, wetness, surface stoniness, flood 
hazard, and slope. Soil temperature and soil moisture 
are also considerations. Examples of grasses and 
legumes are fescue, orchardgrass, bromegrass, clover, 
and alfalfa. 

Wild herbaceous plants are native or naturally 
established grasses and forbs, including weeds. Soil 
properties and features that affect the growth of these 
plants are depth of the root zone, texture of the surface 
layer, available water capacity, wetness, surface 
stoniness, and flood hazard. Soil temperature and soil 
moisture are also considerations. Examples of wild 
herbaceous plants are bluestem, goldenrod, 
beggarweed, wheatgrass, and grama. 

Hardwood trees and woody understory produce nuts 
or other fruit, buds, catkins, twigs, bark, and foliage. 
Soil properties and features that affect the growth of 
hardwood trees and shrubs are depth of the root zone, 
available water capacity, and wetness. Examples of 
these plants are oak, poplar, cherry, sweetgum, apple, 
hawthorn, dogwood, hickory, blackberry, and elderberry. 
Examples of fruit-producing shrubs that are suitable for 
planting on soils rated good are Russian-olive, autumn- 
olive, and crabapple. 

Coniferous plants furnish browse and seeds. Soil 
properties and features that affect the growth of 
coniferous trees, shrubs, and ground cover are depth of 
the root zone, available water capacity, and wetness. 
Examples of coniferous plants are pine, spruce, fir, 
cedar, and juniper. 

Wetland plants are annual and perennial wild 
herbaceous plants that grow on moist or wet sites. 
Submerged or floating aquatic plants are excluded. Soil 
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properties and features affecting wetland plants are 
texture of the surface layer, wetness, reaction, salinity, 
slope, and surface stoniness. Examples of wetland 
plants are smartweed, wild millet, wildrice, cordgrass, 
rushes, sedges, and reeds. 

Shallow water areas have an average depth of less 
than 5 feet. Some are naturally wet areas. Others are 
created by dams, levees, or other water-control 
structures. Soil properties and features affecting shallow 
water areas are depth to bedrock, wetness, surface 
stoniness, slope, and permeability. Examples of shallow 
water areas are marshes, waterfowl-feeding areas, and 
ponds. 

The habitat for various kinds of wildlife is described 
in the following paragraphs. 

Habitat for openiand wildlife consists of cropland, 
pasture, meadows, and areas that are overgrown with 
grasses, herbs, shrubs, and vines. These areas 
produce grain and seed crops, grasses and legumes, 
and wild herbaceous plants. The wildlife attracted to 
these areas include bobwhite quail, pheasant, 
meadowlark, field sparrow, cottontail, and red fox. 

Habitat for woodland wildlife consists of areas of 
deciduous plants or coniferous plants or both and 
associated grasses, legumes, and wild herbaceous 
plants. Wildlife attracted to these areas include wild 
turkey, ruffed grouse, woodcock, thrushes, 
woodpeckers, squirrels, gray fox, raccoon, and deer. 

Habitat for wetland wildlife consists of open, marshy 
or swampy shallow water areas. Some of the wildlife 
attracted to such areas are ducks, geese, herons, shore 
birds, muskrat, mink, and beaver. 

Hancock County has a large and varied population of 
wildlife. White-tailed deer, ring-necked pheasant, 
Hungarian partridge, squirrels, and various waterfowl 
are the main game in the county, along with many other 
species of mammals and birds. Fishing generally is 
limited to ponded sand and gravel pits, the lowa River, 
and a few smaller rivers and streams. Largemouth 
bass, northern pike, bullheads, and sunfish are the 
main species. 

In the past, waterfowl habitat in the county was 
excelient. Intensive farming and the draining of many 
small sloughs and potholes have reduced this habitat. 
However, many migratory ducks and geese continue to 
rest and feed every fall in the remaining wetlands, 
particularly Eagle Lake, Twin Lakes, and Ventura Marsh 
(fig. 13). 

Most of the white-tailed deer and squirrels are in the 
wooded areas, but many squirrels are around 
farmsteads and some deer are attracted to brushy 
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areas near drainage ditches, along small streams, and 
in marshes. 

White-tailed jackrabbit, cottontail rabbit, red fox, 
mink, raccoon, and muskrat find food and cover in 
various parts of the county. Among the common 
songbirds are robins, English sparrows, meadowlarks, 
blackbirds, mourning doves, purple martins, wrens, 
bluebirds, chickadees, brown thrashes, swallows, 
orioles, woodpeckers, and Starlings. 

Introduced ring-necked pheasant and Hungarian 
partridge have adapted well to the county. The numbers 
of these species vary from year to year, depending on 
the amount of nesting cover and on weather conditions. 
A lack of cover in winter and at nesting time and severe 
weather at nesting time greatiy reduce the number of 
pheasants. The best pheasant range is probably the 
west-central and northwestern parts of the county. More 
desirable cover is available on the steeper sloping soils 
in the area. Some areas include or are adjacent to wet 
marshes that provide needed winter cover. 

Pheasants are somewhat less abundant in other 
parts of the county. Many of the soils in these areas are 
nearly level or gently sloping, and much of the acreage 
is farmed intensively. Consequently, little food or cover 
is available for the pheasants in winter and the number 
of nesting sites is limited. 

Nesting cover is the most critical factor affecting the 
number of pheasants. The best nesting sites in 
intensively farmed areas are in road ditches and along 
fence lines. Only a few of these sites are available in 
the intensively farmed areas in the county. As a result, 
the pheasant population is limited in these areas. It can 
be significantly increased if the plant cover in ditches 
and along fence lines is left unclipped until early 
summer. 

Winter cover can be provided through farmstead 
windbreaks and wildlife plantings. Winter cover should 
be near a source of food. Leaving a few rows of grain in 
a field adjacent to a windbreak or other wildlife planting 
helps to provide food. 

Small, odd-shaped areas unsuitable for farming 
provide excellent wildlife habitat. The strongly sloping to 
very steep Storden soils as well as marshes and 
depressional soils are most likely to have these areas. 
Good wildlife habitat may also be found in such areas 
as small, steep, eroded, or gravelly areas of cropland: 
gravel pits; railroad right-of-ways; or tracts of land cut 
off from the rest of a field by a stream or drainage ditch. 

The type of existing cover and the location of the 
odd-shaped areas determine whether or not any 
additional vegetation should be established. In many of 
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Figure 13.—Marsh provides good natural habitat for waterfowl and muskrats. 


these small areas, the only measures needed to 
develop wildlife habitat are those that protect the habitat 
from fire or grazing. In other areas, planting and 
measures that maintain the habitat may be necessary. 
A satisfactory wildlife habitat consists of low-growing 
plant cover, such as locally adapted grasses and 
legumes, which provide nesting sites and some food; a 
taller cover of grasses and shrubs, which provide refuge 
and resting areas; and clumps of evergreens and 
shrubs, which provide the best winter cover. 


Measures that maintain the wildlife habitat are 
needed in many areas. Deferment of mowing before 
midsummer helps to protect ground-nesting birds and 
rabbits. Control of invading woody plants by chemical or 
mechanical means helps to maintain an adequate cover 
of grasses and legumes. Reseeding is occasionally 
needed. Further information about planning wildlife 
areas can be obtained from the Soil Conservation 
Service or the wildlife management biologist of the lowa 
Conservation Commission. 
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Engineering 


This section provides information for planning land 
uses related to urban development and to water 
management. Soils are rated for various uses, and the 
most limiting features are identified. The ratings are 
given in the following tables: Building site development, 
Sanitary facilities, Construction materials, and Water 
management. The ratings are based on observed 
performance of the soils and on the estimated data and 
test data in the "Soil Properties" section. 

Information in this section is intended for land use 
planning. for evaluating land use alternatives, and for 
planning site investigations prior to design and 
construction. The information, however, has limitations. 
For example, estimates and other dala generally apply 
only to that part of the soil within a depth of 5 or 6 feet. 
Because of the map scale, small areas of different soils 
may be included within the mapped areas of a specific 
Soll. 

The information is not site specific and does not 
eliminate the need for onsite investigation of the soils or 
for testing and analysis by personnel experienced in the 
design and construction of engineering works. 

Government ordinances and regulations that restrict 
certain land uses or impose specific design criteria were 
not considered in preparing the information in this 
section. Local ordinances and regulations need to be 
considered in planning, in site selection, and in design. 

Soil properties, site features, and observed 
performance were considered in determining the ratings 
in this section. During the fieldwork for this soil survey, 
determinations were made about grain-size distribution, 
liquid limit, plasticity index, soil reaction, depth to 
bedrock, hardness of bedrock within 5 to 6 feet of the 
surface, soil wetness, depth to a seasonal high water 
table, slope. likelihood of flooding, natural soil structure 
aggregation, and soil density. Data were collected about 
kinds of clay minerals, mineralogy of the sand and silt 
fractions, and the kind of adsorbed cations. Estimates 
were made for erodibility, permeability, corrosivity, 
shrink-swell potential, available water capacity, and 
other behavioral characteristics affecting engineering 
uses. 

This information can be used to (1) evaluate the 
potential of areas for residential, commercial, industrial, 
and recreation uses; (2) make preliminary estimates of 
construction conditions; (3) evaluate alternative routes 
for roads, streets, highways, pipelines, and underground 
cables; (4) evaluate alternative sites for sanitary 
landfills, septic tank absorption fields, and sewage 
lagoons; (5) plan detailed onsite investigations of soils 
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and geology; (6) locate pctential sources of gravel, 
sand, earthfill, and topsoil; (7) plan drainage systems, 
irrigation systems, ponds, terraces, and other structures 
for soil and water conservation; and (8) predict 
performance of proposed small structures and 
pavements by comparing the performance of existing 
similar structures on the same or similar soils. 

The information in the tables, along with the soil 
maps, the soil descriptions, and other data provided in 
this survey can be used to make additional 
interpretations. 

Some of the terms used in this soil survey have a 
special meaning in soil science and are defined in the 
Glossary. 


Building Site Development 


Table 10 shows the degree and kind of soil 
limitations that affect shallow excavations, dwellings 
with and without basements, small commercial 
buildings, local roads and streets, and lawns and 
landscaping. The limitations are considered slight if soil 
properties and site features are generally favorable for 
the indicated use and limitations are minor and easily 
overcome; moderate if soil properties or site features 
are not favorable for the indicated use and special 
planning, design, or maintenance is needed to 
overcome or minimize the limitations; and severe if soil 
properties or site features are so unfavorable or so 
difficult to overcome that special design, significant 
increases in construction costs, and possibly increased 
maintenance are required. Special feasibility studies 
may be required where the soil limitations are severe. 

Shallow excavations are trenches or holes dug to a 
maximum depth of 5 or 6 feet for basements, graves, 
utility lines, open ditches, and other purposes. The 
ratings are based on soil properties, site features, and 
observed performance of the soils. The ease of digging, 
filling, and compacting is affected by the depth to 
bedrock, or a very firm dense layer; stone content; soil 
texture; and slope. The time of the year that 
excavations can be made is affected by the depth to a 
seasonal high water table and the susceptibility of the 
Soil to flooding. The resistance of the excavation walls 
or banks to sloughing or caving is affected by soil 
texture and the depth to the water table. 

Dwellings and small commercial buildings are 
structures built on shallow foundations on undisturbed 
soil. The load limit is the same as that for single-family 
dwellings no higher than three stories. Ratings are 
made for small commercial buildings without 
basements, for dwellings with basements, and for 
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dwellings without basements. The ratings are based on 
soil properties, site features, and observed performance 
of the soils. A high water table, flooding, shrink-swell 
potential, and organic layers can cause the movement 
of footings. A high water table, depth to bedrock, large 
stones, slope, and flooding affect the ease of 
excavation and construction. Landscaping and grading 
that require cuts and fills of more than 5 to 6 feet are 
not considered. 

Local roads and streets have an all-weather surface 
and carry automobile and light truck traffic all year. 
They have a subgrade of cut or fill soil material, a base 
of gravel, crushed rock, or stabilized soil material, and a 
flexible or rigid surface. Cuts and fills are generally 
limited to less than 6 feet. The ratings are based on soil 
properties, site features, and observed performance of 
the soils. Depth to bedrock, a high water table, flooding, 
large stones, and slope affect the ease of excavating 
and grading. Soil strength (as inferred from the 
engineering classification of the soil), shrink-swell 
potential, frost action potential, and depth to a high 
water table affect the traffic supporting capacity. 

Lawns and landscaping require soils on which turf 
and ornamental trees and shrubs can be established 
and maintained. The ratings are based on soil 
properties, site features, and observed performance of 
the soils. Soil reaction, a high water table, depth to 
bedrock, the available water capacity in the upper 40 
inches, and the content of calcium carbonate affect 
plant growth. Flooding, wetness, slope, stoniness, and 
the amount of sand, clay, or organic matter in the 
surface layer affect trafficability after vegetation is 
established. 


Sanitary Facilities 


Table 11 shows the degree and kind of soil 
limitations that affect septic tank absorption fields, 
sewage lagoons, and sanitary landfills. The limitations 
are considered slight if soil properties and site features 
are generally favorable for the indicated use and 
limitations are minor and easily overcome; moderate if 
Soil properties or site features are not favorable for the 
indicated use and special planning, design, or 
maintenance is needed to overcome or minimize the 
limitations; and severe if soil properties or site features 
are so unfavorable or so difficult to overcome that 
special design, significant increases in construction 
costs, and possibly increased maintenance are 
required. 

Table 11 also shows the suitability of the soils for 
use as daily cover for landfills. A rating of good 
indicates that soil properties and site features are 
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favorable for the use and good performance and low 
maintenance can be expected; fair indicates that soil 
properties and site features are moderately favorable 
for the use and one or more soil properties or site 
features make the soil less desirable than the soils 
rated good, and poor indicates that one or more soil 
properties or site features are unfavorable for the use 
and overcoming the unfavorable properties requires 
special design, extra maintenance, or costly alteration. 

Septic tank absorption fields are areas in which 
effluent from a septic tank is distributed into the soil 
through subsurface tiles or perforated pipe. Only that 
part of the soil between depths of 24 and 72 inches is 
evaluated, The ratings are based on soil properties, site 
features, and observed performance of the soils. 
Permeability, a high water table, depth to bedrock, and 
flooding affect absorption of the effluent. Large stones 
and bedrock interfere with installation. 

Unsatisfactory performance of septic tank absorption 
fields, including excessively slow absorption of effluent, 
surfacing of effluent, and hillside seepage, can affect 
public health. Ground water can be polluted if highly 
permeable sand and gravel or fractured bedrock is less 
than 4 feet below the base of the absorption field, if 
slope is excessive, or if the water table is near the 
surface. There must be unsaturated soil material 
beneath the absorption field to filter the effluent 
effectively. Many local ordinances require that this 
material be of a certain thickness. 

Sewage lagoons are shallow ponds constructed to 
hold sewage while aerobic bacteria decompose the 
solid and liquid wastes. Lagoons should have a nearly 
level floor surrounded by cut slopes or embankments of 
compacted soil. Lagoons generally are designed to hold 
the sewage within a depth of 2 to 5 feet. Nearly 
impervious soil material for the lagoon floor and sides is 
required to minimize seepage and contamination of 
ground water. 

Table 11 gives ratings for the natural soil that makes 
up the lagoon floor. The surface layer and, generally, 1 
or 2 feet of soil material below the surface layer are 
excavated to provide material for the embankments. 
The ratings are based on soil properties, site features, 
and observed performance of the soils. Considered in 
the ratings are slope, permeability, a high water table, 
depth to bedrock, flooding, large stones, and content of 
organic matter. 

Excessive seepage due to rapid permeability of the 
soil or a water table that is high enough to raise the 
level of sewage in the lagoon causes a lagoon to 
function unsatisfactorily. Pollution results if seepage is 
excessive or if floodwater overtops the lagoon. A high 
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content of organic matter is detrimental to proper 
functioning of the lagoon because it inhibits aerobic 
activity. Slope and bedrock can cause construction 
problems, and large stones can hinder compaction of 
the lagoon floor. 

Sanitary landfills are areas where solid waste is 
disposed of by burying it in soil. There are two types of 
landfill—trench and area. In a trench landfill, the waste 
is placed in a trench. It is spread, compacted, and 
covered daily with a thin layer of soil excavated at the 
site. In an area landfill, the waste is placed in 
successive layers on the surface of the soil. The waste 
is spread, compacted, and covered daily with a thin 
layer of soil from a source away from the site. 

Both types of landfill must be able to bear heavy 
vehicular traffic. Both types involve a risk of ground 
water pollution. Ease of excavation and revegetation 
needs to be considered. 

The ratings in table 11 are based on soil properties, 
site features, and observed performance of the soils. 
Permeability, depth to bedrock, a high water table, 
slope, and flooding affect both types of landfill. Texture, 
stones and boulders, highly organic layers, and soil 
reaction affect trench type landfills. Unless otherwise 
stated, the ratings apply only to that part of the soil 
within a depth of about 6 feet. For deeper trenches, a 
limitation rated slight or moderate may not be valid. 
Onsite investigation is needed. 

Daily cover for landfill is the soil material that is used 
to cover compacted solid waste in an area type sanitary 
landfill. The soil material is obtained offsite, transported 
to the landfill, and spread over the waste. 

Soil texture, wetness, coarse fragments, and slope 
affect the ease of removing and spreading the material 
during wet and dry periods. Loamy or silty soils that are 
free of large stones or excess gravel are the best cover 
for a landfill. Clayey soils are sticky or cloddy and are 
difficult to spread; sandy soils are subject to soil 
blowing. 

After soil material has been removed, the soil 
material remaining in the borrow area must be thick 
enough over bedrock or the water table to permit 
revegetation. The soil material used as final cover for a 
landfill should be suitable for plants. The surface layer 
generally has the best workability, more organic matter, 
and the best potential for plants. Material from the 
surface layer should be stockpiled for use as the final 
cover. 


Construction Materials 
Table 12 gives information about the soils as a 
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source of roadfill, sand, gravel, and topsoil. The soils 
are rated good, fair, or poor as a source of roadfill and 
topsoil. They are rated as a probable or improbable 
source of sand and gravel. The ratings are based on 
soil properties and site features that affect the removal 
of the soil and its use as construction material. Normal 
compaction, minor processing, and other standard 
construction practices are assumed. Each soil is 
evaluated to a depth of 5 or 6 feet. 

Roadfill is soil material that is excavated in one place 
and used in road embankments in another place. In this 
table, the soils are rated as a source of roadfill for low 
embankments, generally less than 6 feet high and less 
exacting in design than higher embankments. 

The ratings are for the soil material below the surface 
layer to a depth of 5 or 6 feet. It is assumed that soil 
layers will be mixed during excavating and spreading. 
Many soils have layers of contrasting suitability within 
their profile. The table showing engineering index 
properties provides detailed information about each soil 
layer. This information can help determine the suitability 
of each layer for use as roadfill. The performance of soil 
after it is stabilized with lime or cement is not 
considered in the ratings. 

The ratings are based on soil properties, site 
features, and observed performance of the soils. The 
thickness of suitable material is a major consideration. 
The ease of excavation is affected by large stones, a 
high water table, and slope. How well the soil performs 
in place after it has been compacted and drained is 
determined by its strength (as inferred from the 
engineering classification of the soil) and shrink-swell 
potential. 

Soils rated good contain significant amounts of sand 
or gravel or both. They have at least 5 feet of suitable 
material, low shrink-swell potential, few cobbles and 
Stones, and slopes of 15 percent or less. Depth to the 
water table is more than 3 feet. Soils rated fair are more 
than 35 percent silt- and clay-sized particles and have a 
plasticity index of less than 10. They have moderate 
shrink-swell potential, slopes of 15 to 25 percent, or 
many stones. Depth to the water table is 1 to 3 feet. 
Soils rated poor have a plasticity index of more than 10, 
a high shrink-swell potential, many stones, or slopes cf 
more than 25 percent. They are wet, and the depth to 
the water table is less than 1 foot. They may have 
layers of suitable material, but the material is less than 
3 feet thick. 

Sand and gravel are natural aggregates suitable for 
commercial use with a minimum of processing. Sand 
and gravel are used in many kinds of construction. 
Specifications for each use vary widely. In table 12, 
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only the probability of finding material in suitable 
quantity is evaluated. The suitability of the material for 
specific purposes is not evaluated, nor are factors that 
affect excavation of the material. 

The properties used to evaluate the soil as a source 
of sand or gravel are gradation of grain sizes (as 
indicated by the engineering classification of the soil), 
the thickness of suitable material, and the content of 
rock fragments. Kinds of rock, acidity, and stratification 
are given in the soil series descriptions. Gradation of 
grain sizes is given in the table on engineering index 
properties. 

A soil rated as a probable source has a layer of 
clean sand or gravel or a layer of sand or gravel that is 
up to 12 percent silty fines. This material must be at 
least 3 feet thick and less than 50 percent, by weight, 
large stones. All other soils are rated as an improbable 
source. Coarse fragments of soft bedrock, such as 
shale and siltstone, are not considered to be sand and 
gravel. 

Topsoil is used to cover an area so that vegetation 
can be established and maintained. The upper 40 
inches of a soil is evaluated for use as topsoil. Also 
evaluated is the reclamation potential of the borrow 
area. 

Plant growth is affected by such properties as soil 
reaction, available water capacity, and fertility. The ease 
of excavating, loading, and spreading is affected by 
rock fragments, slope, a water table, soil texture, and 
thickness of suitable material. Reclamation of the 
borrow area is affected by slope, a water table, rock 
fragments, and bedrock. 

Soils rated good have friable loamy material to a 
depth of at least 40 inches. They are free of stones and 
cobbles, have little or no gravel, and have slopes of 
less than 8 percent. They are naturally fertile or 
respond well to fertilizer, and are not so wet that 
excavation is difficult. 

Soils rated fair are sandy soils, loamy soils that have 
a relatively high content of clay, soils that have only 20 
to 40 inches of suitable material, soils that have an 
appreciable amount of gravel or stones, or soils that 
have slopes of 8 to 15 percent. The sails are not so wet 
that excavation is difficult. 

Soils rated poor are very sandy or clayey, have less 
than 20 inches of suitable material, have a large 
amount of gravel, stones, or soluble salts, have slopes 
of more than 15 percent, or have a seasonal water 
table at or near the surface. 

The surface layer of most soils is generally preferred 
for topsoil because of its organic matter content. 
Organic matter greatly increases the absorption and 
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retention of moisture and nutrients for plant growth. 


Water Management 


Table 13 gives information on the soil properties and 
site features that affect water management. The degree 
and kind of soil limitations are given for pond reservoir 
areas; embankments, dikes, and levees; and aquifer-fed 
excavated ponds. The limitations are considered slight if 
soil properties and site features are generally favorable 
for the indicated use and limitations are minor and are 
easily overcome; moderate if soil properties or site 
features are not favorable for the indicated use and 
special planning, design, or maintenance is needed to 
overcome or minimize the limitations; and severe if soil 
properties or site features are so unfavorable or so 
difficult to overcome that special design, a significant 
increase in construction costs, and possibly increased 
maintenance are required. 

This table also gives for each soil the restrictive 
features that affect drainage, terraces and diversions, 
and grassed waterways. 

Pond reservoir areas hold water behind a dam or 
embankment. Soils best suited to this use have low 
seepage potential in the upper 60 inches. The seepage 
potential is determined by the permeability of the soil 
and the depth to fractured bedrock or other permeable 
material. Excessive slope can affect the storage 
capacity of the reservoir area. 

Embankments, dikes, and levees are raised structures 
of soil material, generally less than 20 feet high, 
constructed to impound water or to protect land against 
overflow. In this table, the soils are rated as a source of 
material for embankment fill. The ratings apply to the 
soil material below the surface layer to a depth of about 
5 feet. lt is assumed that soil layers will be uniformly 
mixed and compacted during construction. 

The ratings do not indicate the ability of the natural 
soil to support an embankment. Soil properties to a 
depth even greater than the height of the embankment 
can affect performance and safety of the embankment. 
Generally, deeper onsite investigation is needed to 
determine these properties. 

Soil material in embankments must be resistant to 
seepage, piping, and erosion and have favorable 
compaction characteristics. Unfavorable features 
include less than 5 feet of suitable material and a high 
content of stones or boulders or organic matter. A high 
water table affects the amount of usable material. It 
also affects trafficability. 

Aquifer-fed excavated ponds are pits or dugouts that 
extend to a ground-water aquifer or to a depth below a 
permanent water table. Excluded are ponds that are fed 


80 


only by surface runoff and embankment ponds that 
impound water 3 feet or more above the original 
surface. Excavated ponds are affected by depth to a 
permanent water table, permeability of the aquifer, and 
quality of the water as inferred from the salinity of the 
soil. Depth to bedrock and the content of large stones 
affect the ease of excavation. 

Drainage is the removal of excess surface and 
subsurface water from the soil. How easily and 
effectively the soil is drained depends on the depth to 
bedrock or to other layers that affect the rate of water 
movement; permeability; depth to a high water table or 
depth of standing water if the soil is subject to ponding; 
slope: susceptibility to flooding; subsidence of organic 
layers: and potential frost action. Excavating and 
grading and the stability of ditchbanks are affected by 
depth to bedrock, large stones, slope, and the hazard of 
cutbanks caving. The productivity of the soil after 
drainage is adversely affected by extreme acidity. 


Availability of drainage outlets is not considered in the 
ratings. 

Terraces and diversions are embankments or a 
combination of channels and ridges constructed across 
a slope to reduce water erosion and conserve moisture 
by intercepting runoff. Slope, wetness, large stones, 
and depth to bedrock affect the construction of terraces 
and diversions. A restricted rooting depth, a severe 
hazard of soil blowing or water erosion, an excessively 
coarse texture, and restricted permeability adversely 
affect maintenance. 

Grassed waterways are natural or constructed 
channels, generally broad and shallow, that conduct 
surface water to outlets at a nonerosive velocity. Large 
stones, wetness, slope, and depth to bedrock affect the 
construction of grassed waterways. A hazard of soil 
blowing, low available water capacity, restricted rooting 
depth, and restricted permeability adversely affect the 
growth and maintenance of the grass after construction. 


Soil Properties 
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Data relating to soil properties are collected during 
the course of the soil survey. The data and the 
estimates of soil and water features, listed in tables, are 
explained on the following pages. 

Soil properties are determined by field examination of 
the soils and by laboratory index testing of some 
benchmark soils. Established standard procedures are 
followed. During the survey, many shallow borings are 
made and examined to identify and classify the soils 
and to delineate them on the soil maps. Samples are 
taken from some typical profiles and tested in the 
laboratory to determine grain-size distribution, plasticity, 
and compaction characteristics. 

Estimates of soil properties are based on field 
examinations, on laboratory tests of samples from the 
survey area, and on laboratory tests of samples of 
similar soils in nearby areas. Tests verify field 
observations, verify properties that cannot be estimated 
accurately by field observation, and help characterize 
key soils. 

The estimates of soil properties shown in the tables 
include the range of grain-size distribution and Atterberg 
limits, the engineering classifications, and the physical 
and chemical properties of the major layers of each soil. 
Pertinent soil and water features also are given. 


Engineering Index Properties 


Table 14 gives estimates of the engineering 
classification and of the range of index properties for 
the major layers of each soil in the survey area. Most 
soils have layers of contrasting properties within the 
upper 5 or 6 feet. 

Depth to the upper and lower boundaries of each 
layer is indicated. The range in depth and information 
on other properties of each layer are given for each soil 
series under "Soil Series and Their Morphology." 

Texture is given in the standard terms used by the 
U.S. Department of Agriculture. These terms are 
defined according to percentages of sand, silt, and clay 


percent sand 
—— 


Figure 14.—Percentage of clay, silt, and sand in the basic USDA 
textural classes. 


in the fraction of the soil that is less than 2 millimeters 
in diameter (fig. 14). “Loam,” for example, is soil that is 
7 to 27 percent clay, 28 to 50 percent silt, and less than 
52 percent sand. If the content of particles coarser than 
sand is as much as about 15 percent, an appropriate 
modifier is added, for example, “gravelly.” Textural 
terms are defined in the Glossary. 

Classification of the soils is determined according to 
the Unified soil classification system (2) and the system 
adopted by the American Association of State Highway 
and Transportation Officials (1). 

The Unified system classifies soils according to 
properties that affect their use as construction material. 
Soils are classified according to grain-size distribution 
of the fraction less than 3 inches in diameter 
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and according to plasticity index, liquid limit, and 
organic matter content. Sandy and gravelly soils are 
identified as GW, GP, GM, GC, SW, SP, SM, and SC; 
silty and clayey soils as ML, CL, OL, MH, CH, and OH; 
and highly organic soils as PT. Soils exhibiting 
engineering properties of two groups can have a dual 
classification, for example, CL-ML. 

The AASHTO system classifies soils according to 
those properties that affect roadway construction and 
maintenance. In this system, the fraction of a mineral 
soil that is less than 3 inches in diameter is classified in 
one of seven groups from A-1 through A-7 on the basis 


of grain-size distribution, liquid limit, and plasticity index. 


Soils in group A-1 are coarse grained and low in 
content of fines (silt and clay). At the other extreme, 
soils in group A-7 are fine grained. Highly organic soils 
are classified in group A-8 on the basis of visual 
inspection. 

If laboratory data are available, the A-1, A-2, and A-7 
groups are further ciassified as A-1-a, A-1-b, A-2-4, 
A-2-5, A-2-6, A-2-7, A-7-5, or A-7-6. As an additional 
refinement, the suitability of a soil as subgrade material 
can be indicated by a group index number. Group index 
numbers range from 0 for the best subgrade material to 
20 or higher for the poorest. 

Rock fragments larger than 3 inches in diameter are 
indicated as a percentage of the total soil on a dry- 
weight basis. The percentages are estimates 
determined mainly by converting volume percentage in 
the field to weight percentage. 

Percentage (of soil particles) passing designated 
sieves is the percentage of the soil fraction less than 3 
inches in diameter based on an ovendry weight. The 
sieves, numbers 4, 10, 40, and 200 (USA Standard 
Series), have openings of 4.76, 2.00, 0.420, and 0.074 
millimeters, respectively. Estimates are based on 
laboratory tests of soils sampled in the survey area and 
in nearby areas and on estimates made in the field. 

Liquid limit and plasticity index (Atterberg limits) 
indicate the plasticity characteristics of a soil. The 
estimates are based on test data from the survey area 
or from nearby areas and on field examination. 

The estimates of grain-size distribution, liquid limit, 
and plasticity index are generally rounded to the 
nearest 5 percent. Thus, if the ranges of gradation and 
Atterberg limits extend a marginal amount (1 or 2 
percentage points) across classification boundaries, the 
classification in the marginal zone is omitted in the 
table. 
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Physical and Chemical Properties 


Table 15 shows estimates of some characteristics 
and features that affect soil behavior. These estimates 
are given for the major layers of each soil in the survey 
area. The estimates are based on field observations 
and on test data for these and similar soils. 

Clay as a soil separate consists of mineral soil 
particles that are less than 0.002 millimeter in diameter. 
In this table, the estimated clay content of each major 
soil layer is given as a percentage, by weight, of the 
soil material that is less than 2 millimeters in diameter. 

The amount and kind of clay greatly affect the fertility 
and physical condition of the soil. They determine the 
ability of the soil to adsorb cations and to retain 
moisture. They influence shrink-swell potential, 
permeability, and plasticity, the ease of soil dispersion, 
and other soil properties. The amount and kind of clay 
in a soil also affect tillage and earthmoving operations. 

Moist bulk density is the weight of soil (ovendry) per 
unit volume. Volume is measured when the soil is at 
field moisture capacity, that is, the moisture content at 
Va bar moisture tension. Weight is determined after 
drying the soil at 105 degrees C. In this table, the 
estimated moist bulk density of each major soil horizon 
is expressed in grams per cubic centimeter of soil 
material that is less than 2 millimeters in diameter. Bulk 
density data are used to compute shrink-swell potential, 
available water capacity, total pore space, and other 
soil properties. The moist bulk density of a soil indicates 
the pore space available for water and roots. A bulk 
density of more than 1.6 can restrict water storage and 
root penetration. Moist bulk density is influenced by 
texture, kind of clay, content of organic matter, and soil 
structure. 

Permeability refers to the ability of a soil to transmit 
water or air, The estimates indicate the rate of 
downward movement of water when the soil is 
saturated. They are based on soil characteristics 
observed in the field, particularly structure, porosity, and 
texture. Permeability is considered in the design of soil 
drainage systems, septic tank absorption fields, and 
construction where the rate of water movement under 
saturated conditions affects behavior. 

Available water capacity refers to the quantity of 
water that the soil is capable of storing for use by 
plants. The capacity for water storage is given in inches 
of water per inch of soil for each major soil layer. The 
capacity varies, depending on soil properties that affect 
the retention of water and the depth of the root zone. 
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The most important properties are the content of 
organic matter, soil texture, bulk density, and soil 
structure. Available water capacity is an important factor 
in the choice of plants or crops to be grown and in the 
design and management of irrigation systems. Available 
water capacity is not an estimate of the quantity of 
water actually available to plants at any given time. 

Soil reaction is a measure of acidity or alkalinity and 
is expressed as a range in pH values. The range in pH 
of each major horizon is based on many field tests. For 
many soils, values have been verified by laboratory 
analyses. Soil reaction is important in selecting crops 
and other plants, in evaluating soil amendments for 
fertility and stabilization, and in determining the risk of 
corrosion. 

Shrink-swell potential is the potential for volume 
change in a soil with a loss or gain in moisture. Volume 
change occurs mainly because of the interaction of clay 
minerals with water and varies with the amount and 
type of clay minerals in the soil. The size of the load on 
the soil and the magnitude of the change in soil 
moisture content influence the amount of swelling of 
soils in place. Laboratory measurements of swelling of 
undisturbed clods were made for many soils. For 
others, swelling was estimated on the basis of the kind 
and amount of clay minerals in the soil and on 
measurements of similar soils. 

If the shrink-swell potential is rated moderate to very 
high, shrinking and swelling can cause damage to 
buildings, roads, and other structures. Special design is 
often needed. 

Shrink-swell potential classes are based on the 
change in length of an unconfined clod as moisture 
content is increased from air-dry to field capacity. The 
change is based on the soil fraction less than 2 
millimeters in diameter. The classes are low, a change 
of less than 3 percent; moderate, 3 to 6 percent; and 
high, more than 6 percent. Very high, greater than 9 
percent, is sometimes used. 

Erosion factor K indicates the susceptibility of a soil 
to sheet and rill erosion by water. Factor K is one of six 
factors used in the Universal Soil Loss Equation (USLE) 
to predict the average annual rate of soil loss by sheet 
and rill erosion in tons per acre per year. The estimates 
are based primarily on percentage of silt, sand, and 
organic matter (up to 4 percent) and on soil structure 
and permeability. Values of K range from 0.05 to 0.69. 
The higher the value, the more susceptible the soil is to 
sheet and rill erosion by water. 

Erosion factor T is an estimate of the maximum 
average annual rate of soil erosion by wind or water 
that can occur without affecting crop productivity over a 
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sustained period. The rate is in tons per acre per year. 

Wind erodibility groups are made up of soils that have 
similar properties affecting their resistance to soil 
blowing in cultivated areas. The groups indicate the 
susceptibility to soil blowing. Soils are grouped 
according to the following distinctions: 

1. Sands, coarse sands, fine sands, and very fine 
sands. These soils are generally not suitable for crops. 
They are extremely erodible, and vegetation is difficult 
to establish. 

2. Loamy sands, loamy fine sands, and loamy very 
fine sands. These soils are very highly erodible. Crops 
can be grown if intensive measures to control soil 
blowing are used. 

3. Sandy loams, coarse sandy loams, fine sandy 
loams, and very fine sandy loams. These soils are 
highly erodible. Crops can be grown if intensive 
measures to control soil blowing are used. 

4L. Calcareous loamy soils that are less than 35 
percent clay and more than 5 percent finely divided 
calcium carbonate. These soils are erodible. Crops can 
be grown if intensive measures to control soil blowing 
are used. 

4. Clays, silty clays, clay loams, and silty clay 
loams that are more than 35 percent clay. These soils 
are moderately erodible. Crops can be grown if 
measures to control soil blowing are used. 

5. Loamy soils that are less than 20 percent clay 
and less than 5 percent finely divided calcium 
carbonate and sandy clay loams and sandy clays that 
are less than 5 percent finely divided calcium 
carbonate. These soils are slightly erodible. Crops can 
be grown if measures to control soil blowing are used. 

6. Loamy soils that are 20 to 35 percent clay and 
less than 5 percent finely divided calcium carbonate, 
except silty clay loams. These soils are very slightly 
erodible. Crops can easily be grown. 

7. Silty clay loams that are less than 35 percent 
clay and less than 5 percent finely divided calcium 
carbonate. These soils are very slightly erodible. Crops 
can easily be grown. 

8. Stony or gravelly soils and other soils not subject 
to soil blowing. 


Soil and Water Features 


Table 16 gives estimates of various soil and water 
features. The estimates are used in land use planning 
that involves engineering considerations. 

Hydrologic soil groups are used to estimate runoff 
from precipitation. Soils not protected by vegetation are 
assigned to one of four groups. They are grouped 
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according to the intake of water when the soils are 
thoroughly wet and receive precipitation from long- 
duration storms. 

The four hydrologic soil groups are: 

Group A. Soils having a high infiltration rate (low 
runoff potential) when thoroughly wet. These consist 
mainly of deep, well drained to excessively drained 
sands or gravelly sands. These soils have a high rate of 
water transmission. 

Group B. Soils having a moderate infiltration rate 
when thoroughly wet. These consist chiefly of 
moderately deep or deep, moderately well drained or 
well drained soils that have moderately fine texture to 
moderately coarse texture. These soils have a 
moderate rate of water transmission. 

Group C. Soils having a slow infiltration rate when 
thoroughly wet. These consist chiefly of soils having a 
layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These 
soils have a slow rate of water transmission. 

Group D. Soils having a very slow infiltration rate 
(high runoff potential) when thoroughly wet. These 
consist chiefly of clays that have a high shrink-swell 
potential, soils that have a permanent high water table, 
soils that have a claypan or clay layer at or near the 
surface, and soils that are shallow over nearly 
impervious material. These soils have a very slow rate 
of water transmission. 

If a soil is assigned to two hydrologic groups in table 
16. the first letter is for drained areas and the second is 
for undrained areas. 

Flooding. the temporary inundation of an area, is 
caused by overflowing streams and by runoff from 
adjacent slopes. Water standing for short periods after 
rainfall or snowmelt is not considered flooding, nor is 
water in swamps and marshes. 

Table 16 gives the frequency and duration of flooding 
and the time of year when flooding is most likely. 

Frequency, duration, and probable dates of 
occurrence are estimated. Frequency is expressed as 
none, rare, occasional, and frequent. None means that 
flooding is not probable; rare that it is unlikely but 
possible under unusual weather conditions; occasional 
that it occurs, on the average, once or less in 2 years; 
and frequent that it occurs, on the average, more than 
once in 2 years. Duration is expressed as very brief if 
less than 2 days, brief if 2 to 7 days, and /ong if more 
than 7 days. Probable dates are expressed in months; 
November-May, for example, means that flooding can 
occur during the period November through May. 

The information is based on evidence in the soil 
profile, namely thin strata of gravel, sand, silt, or clay 
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deposited by floodwater; irregular decrease in organic 
matter content with increasing depth; and absence of 
distinctive horizons that form in soils that are not 
subject to flooding. 

Also considered are local information about the 
extent and levels of flooding and the relation of each 
soil on the landscape to historic floods. Information on 
the extent of flooding based on soil data is less specific 
than that provided by detailed engineering surveys that 
delineate flood-prone areas at specific flood frequency 
levels. 

High water table (seasonal) is the highest level of a 
saturated zone in the soil in most years. The depth to a 
seasonal high water table applies to undrained soils. 
The estimates are based mainly on the evidence of a 
saturated zone, namely grayish colors or mottles in the 
soil. Indicated in table 16 are the depth to the seasonal 
high water table; the kind of water table—that is, 
perched or apparent; and the months of the year that 
the water table commonly is high. A water table that is 
seasonally high for less than 1 month is not indicated in 
table 16. 

An apparent water table is a thick zone of free water 
in the soil. It is indicated by the level at which water 
stands in an uncased borehole after adequate time is 
allowed for adjustment in the surrounding soil. A 
perched water table is water standing above an 
unsaturated zone. In places an upper, or perched, water 
table is separated from a lower one by a dry zone. 

Only saturated zones within a depth of about 6 feet 
are indicated. A plus sign preceding the range in depth 
indicates that the water table is above the surface of 
the soil. The first numeral in the range indicates how 
high the water rises above the surface. The second 
numeral indicates the depth below the surface. 

Potential frost action is the likelihood of upward or 
lateral expansion of the soil caused by the formation of 
segregated ice lenses (frost heave) and the subsequent 
collapse of the soil and loss of strength on thawing. 
Frost action occurs when moisture moves into the 
freezing zone of the soil. Temperature, texture, density, 
permeability, content of organic matter, and depth to the 
water table are the most important factors considered in 
evaluating the potential for frost action. lt is assumed 
that the soil is not insulated by vegetation or snow and 
is not artificially drained. Silty and highly structured 
clayey soils that have a high water table in winter are 
the most susceptible to frost action. Well drained, very 
gravelly, or very sandy soils are the least susceptible. 
Frost heave and low soil strength during thawing cause 
damage mainly to pavements and other rigid structures. 

Risk of corrosion pertains to potential soil-induced 
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electrochemical or chemical action that dissolves or 
weakens uncoated steel or concrete. The rate of 
corrosion of uncoated steel is related to such factors as 
soil moisture, particle-size distribution, acidity, and 
electrical conductivity of the soil. The rate of corrosion 
of concrete is based mainly on the sulfate and sodium 
content, texture, moisture content, and acidity of the 
soil. Special site examination and design may be 
needed if the combination of factors creates a severe 
corrosion environment. The steel in installations that 
intersect soil boundaries or soil layers is more 
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susceptible to corrosion than steel in installations that 
are entirely within one kind of soil or within one soil 
layer. 

For uncoated steel, the risk of corrosion, expressed 
as low, moderate, or high, is based on soil drainage 
class, total acidity, electrical resistivity near field 
capacity, and electrical conductivity of the saturation 
extract. 

For concrete, the risk of corrosion is also expressed 
as low, moderate, or high. It is based on soil texture, 
acidity, and amount of sulfates in the saturation extract. 
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Classification of the Soils 


The system of soil classification used by the National 
Cooperative Soil Survey has six categories (31). 
Beginning with the broadest, these categories are the 
order, suborder, great group, subgroup, family, and 
series. Classification is based on soil properties 
observed in the field or inferred from those observations 
or from laboratory measurements. Table 17 shows the 
classification of the soils in the survey area. The 
categories are defined in the following paragraphs. 

ORDER. Ten soil orders are recognized. The 
differences among orders reflect the dominant soil- 
forming processes and the degree of soil formation. 
Each order is identified by a word ending in so/. An 
example is Molliso!. 

SUBORDER. Each order is divided into suborders 
primarily on the basis of properties that influence soil 
genesis and are important to plant growth or properties 
that reflect the most important variables within the 
orders. The last syllable in the name of a suborder 
indicates the order. An example is Aquoil (Aqu, 
meaning water, plus oll, from Mollisol). 

GREAT GROUP. Each suborder is divided into great 
groups on the basis of close similarities in kind, 
arrangement, and degree of development of pedogenic 
horizons; soil moisture and temperature regimes; and 
base status. Each great group is identified by the name 
of a suborder and by a prefix that indicates a property 
of the soil. An example is Haplaquolls (Hap/, meaning 
minimal horizonation, plus aquoll, the suborder of the 
Mollisols that has an aquic moisture regime). 

SUBGROUP. Each great group has a typic subgroup. 
Other subgroups are intergrades or extragrades. The 
typic is the central concept of the great group; it is not 
necessarily the most extensive. Intergrades are 
transitions to other orders, suborders, or great groups. 
Extragrades have some properties that are not 
representative of the great group but do not indicate 
transitions to any other known kind of soil. Each 
subgroup is identified by one or more adjectives 
preceding the name of the great group. The adjective 
Typic identifies the subgroup that typifies the great 


group. An example is Typic Haplaquolls. 

FAMILY. Families are established within a subgroup 
on the basis of physical and chemica! properties and 
other characteristics that affect management. Mostly the 
properties are those of horizons below plow depth 
where there is much biological activity. Among the 
properties and characteristics considered are particle- 
size class, mineral content, temperature regime, depth 
of the root zone, consistence, moisture equivalent, 
slope, and permanent cracks. A family name consists of 
the name of a subgroup preceded by terms that indicate 
soil properties. An example is fine-loamy, mixed, mesic 
Typic Haplaquolls. 

SERIES. The series consists of soils that have 
similar horizons in their profile. The horizons are similar 
in color, texture, structure, reaction, consistence, 
mineral and chemical composition, and arrangement in 
the profile. The texture of the surface layer or of the 
substratum can differ within a series. 


Soil Series and Their Morphology 


In this section, each soil series recognized in the 
survey area is described. The descriptions are arranged 
in alphabetic order. 

Characteristics of the soil and the material in which it 
formed are identified for each series. A pedon, a small 
three-dimensional area of soil, that is typical of the 
series in the survey area is described. The detailed 
description of each soil horizon follows standards in the 
Soil Survey Manual (30). Many of the technical terms 
used in the descriptions are defined in Soi! Taxonomy 
(31). Unless otherwise stated, colors in the descriptions 
are for moist soil. Following the pedon description is the 
range of important characteristics of the soils in the 
series. 

The map units of each soil series are described in 
the section "Detailed Soil Map Units." 


Adrian Series 
The Adrian series consists of very poorly drained 
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soils in depressions and old lakebeds within outwash 
plains. These soils formed in organic materials and the 
underlying: sandy glacial outwash materials. Native 
vegetation was sedges, reeds, and other water-tolerant 
grasses. Permeability is moderately slow to moderately 
rapid in the organic material and rapid in the 
substratum. Slopes range from 0 to 1 percent. 

Typical pedon of Adrian muck, 0 to 1 percent slopes, 
in a cultivated field; 2,480 feet north and 1,980 feet 
west of the southeast corner of sec. 1, T. 96 N., R. 25 
W. 


Oap—0 to 7 inches; black (N 2/0) sapric materials, 
about 5 percent fibers, less than 5 percent rubbed, 
very dark gray (10YR 3/1) dry; weak fine granular 
structure; slightly sticky; common fine roots; slightly 
acid; abrupt smooth boundary. 

Oa1—7 to 17 inches; black (10YR 2/1) sapric material, 
about 5 percent fibers, less than 5 percent rubbed, 
very dark gray (10YR 3/1) dry; weak fine 
subangular blocky structure; slightly sticky; common 
fine roots; slightly acid; gradual smooth boundary. 

Oa2—17 to 34 inches; black (10YR 2/1) sapric material, 
about 5 percent fibers, less than 5 percent rubbed, 
very dark gray (10YR 3/1) dry; common fine distinct 
yellowish brown (10YR 5/6) mottles; weak medium 
subangular blocky structure; slightly sticky; common 
fine roots; few yellowish red (5YR 4/6) iron stains; 
slightly acid; abrupt smooth boundary. 

209—34 to 60 inches; olive gray (5Y 4/2) loamy sand 
(about 9 percent clay); common fine distinct olive 
brown (2.5Y 4/4) mottles; single grained; loose; few 
fine roots; neutral. 


The thickness of the organic layer and the depth to 
the sandy materials range from 16 to 50 inches. 

The surface tier is neutral in hue or has hue of 10YR. 
It has chroma of 0 or 1. The subsurface and bottom 
tiers have value of 2 or 3 and chroma of 0 to 3. The 2C 
horizon has hue of 10YR to 5Y, value of 4 or 5, and 
chroma of 1 or 2. Its texture is loamy sand or sand. 


Biscay Series 


The Biscay series consists of poorly drained soils on 
glacial outwash plains and stream terraces. These soils 
formed in loamy material and in the underlying 
calcareous sand and gravel. Native vegetation was 
water-tolerant grasses. Permeability is moderate in the 
solum and rapid in the substratum. Slopes range from 0 
to 2 percent. 

Typical pedon of Biscay clay loam, 32 to 40 inches to 
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sand and gravel, 0 to 2 percent slopes, in a cultivated 
field; 1,440 feet south and 140 feet east of the 
northwest corner of sec. 26, T. 96 N., R. 26 W. 


Ap—0 to 9 inches; black (N 2/0) clay loam (29 percent 
clay), very dark gray (10YR 3/1) dry; weak fine 
subangular blocky structure parting to weak fine 
granular; friable; few fine roots; few small pebbles; 
neutral; abrupt smooth boundary. 

A—9 to 14 inches; black (N 2/0) clay loam (29 percent 
clay), very dark gray (10YR 3/1) dry; weak fine 
subangular blocky structure; friable; few fine roots; 
few small pebbles; neutral; clear smooth boundary. 

AB—14 to 18 inches; very dark gray (10YR 3/1) clay 
loam (29 percent clay), dark gray (10YR 4/1) dry; 
some mixing of black (N 2/0) subsurface material; 
very dark gray (10YR 3/1) kneaded; few fine distinct 
dark olive gray (5Y 3/2) mottles; weak fine 
subangular blocky structure; friable; few fine roots; 
few small pebbles; mildly alkaline; clear smooth 
boundary. 

Bg1—18 to 24 inches; olive gray (5Y 4/2) clay loam (28 
percent clay); some mixing of very dark gray (10YR 
3/1) subsurface material; few fine faint olive (BY 
5/3) mottles; weak fine subangular blocky structure; 
friable; few fine roots; few small pebbles; mildly 
alkaline; clear smooth boundary. 

Bg2—24 to 31 inches; olive gray (5Y 5/2) clay loam (29 
percent clay); few olive gray (5Y 4/2) coatings on 
faces of peds; common fine faint olive (5Y 5/3) 
mottles; weak fine and medium subangular blocky 
structure; friable; few fine roots; few black (10YR 
2/1) krotovina channels; mildly alkaline; clear 
smooth boundary. 

BCg—31 to 36 inches; olive gray (5Y 5/2) sandy loam 
(13 percent clay); few olive gray (5Y 4/2) coatings 
on faces of peds; common fine faint olive (5Y 5/3) 
and few fine distinct light olive brown (2.5Y 5/4) 
mottles; weak medium subangular blocky structure; 
friable; few fine roots; few black (10YR 2/1) 
krotovina channels; few soft accumulations (caicium 
carbonate); 4 to 5 percent coarse gravel, B to 10 
percent fine gravel; slight effervescence; mildly 
alkaline; abrupt smooth boundary. 

2Cg—36 to 60 inches; dark grayish brown (2.5Y 4/2) 
gravelly loamy sand (6 percent clay); common 
medium prominent dark brown (7.5 YR 4/4) mottles; 
single grained; loose; 20 percent fine and medium 
gravel; strong effervescence; mildly alkaline. 


The thickness of the solum and the fine-loamy mantle 
is 32 to 40 inches. The mollic epipedon ranges from 
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16 to 24 inches in thickness. 

The A horizon has hue of 10YR or 2.5Y, value of 2 
or 3, and chroma of 0 or 1. It dominantly is clay loam 
but includes loam. The Bg horizon has hue of 5Y or 
2.5Y, value of 4 or 5, and chroma of 1 to 3. It is clay 
loam or loam. The 2C horizon has hue of 2.5Y or 5Y, 
value of 4 or 5, and chroma of 1 to 6. 


Blue Earth Series 


The Blue Earth series consists of very poorly 
drained, moderately permeable soils in depressions and 
old shallow lakebeds. These soils formed in 
coprogenous earth. Native vegetation was sedges, 
reeds, and other water-tolerant grasses. Slopes range 
from 0 to 1 percent. 

Typical pedon of Blue Earth mucky silt loam, O to 1 
percent slopes, in a cultivated field; 1,160 feet west and 
21 feet south of the northeast corner of sec. 11, T. 97 
N., R. 25 W. 


Ap—0O to 7 inches; black (10YR 2/1) mucky silt loam (19 
percent clay), coprogenous earth, very dark gray 
(10YR 3/1) dry; weak fine granular structure; very 
friable; few fine roots; few snail shell fragments; 
slight effervescence; mildly alkaline; abrupt smooth 
boundary. 

C1—7 to 28 inches; very dark gray (5Y 3/1) mucky silt 
loam (20 percent clay), coprogenous earth, gray 
(10YR 6/1) dry; common fine prominent strong 
brown (7.5YR 4/6) mottles; weak thick platy 
structure parting to weak fine subangular blocky; 
very friable; many snail shell fragments; strong 
brown (7.5YR 4/6) stains in root channels; strong 
effervescence; mildly alkaline; diffuse wavy 
boundary. 

C2— 28 to 60 inches; very dark gray (SY 3/1) mucky silt 
loam (19 percent clay), coprogenous earth, gray 
(10YR 6/1) dry; common medium prominent dark 
brown (7.5YR 4/4) mottles; weak fine prismatic 
structure with some weak fine subangular blocky; 
very friable; common snail shell fragments; strong 
brown (7.5YR 4/6) stains in root channels; strong 
effervescence; mildly alkaline. 


The coprogenous earth ranges from 30 to more than 
80 inches in thickness. It has hue of 10YR to 5Y, value 
of 2 to 4, and chroma of 1 or 2. 


Bode Series 


The Bode series consists of well drained, moderately 
permeable soils on convex knolls and side slopes on 


89 


uplands. These soils formed in glacial or lacustrine 
sediments and in the underlying glacial till. Native 
vegetation was tall prairie grasses. Slopes range from 2 
to 18 percent. 

Typical pedon of Bode clay loam, 2 to 5 percent 
slopes, in a cultivated field; 1,540 feet north and 180 
feet east of the southwest corner of sec. 26, T. 94 N., 
R. 24 VV. 


Ap—O to 9 inches; black (10YR 2/1) clay loam (about 
32 percent clay), very dark grayish brown (10YR 
3/2) dry; weak fine granular structure; friable; few 
fine roots; slightly acid; abrupt smooth boundary. 

A—9 to 13 inches; very dark gray (10YR 3/1) clay loam 
(about 32 percent clay), dark grayish brown (10YR 
4/2) dry, black (10YR 2/1) coatings on faces of 
peds; weak fine granular structure; friable; few fine 
roots; slightly acid; clear smooth boundary. 

AB—13 to 18 inches; very dark grayish brown (10YR 
3/2) clay loam (about 33 percent clay), dark grayish 
brown (10YR 4/2) dry; some mixing of brown (10YR 
4/3) subsoil material; few very dark gray (10YR 3/1) 
coatings on faces of peds; weak fine subangular 
blocky structure; friable; few fine roots; slightly acid; 
clear smooth boundary. 

Bw—18 to 28 inches; brown (10YR 4/3) clay loam 
(about 33 percent clay); few very dark grayish 
brown (10YR 3/2) coatings on faces of peds; weak 
fine subangular blocky structure; friable; few fine 
roots; slightly acid; abrupt smooth boundary. 

BC—28 to 40 inches; dark yellowish brown (10YR 4/4) 
clay loam (about 30 percent clay); weak fine 
prismatic structure parting to weak medium 
subangular blocky; friable; few fine roots; few soft 
accumulations (calcium carbonate); strong 
effervescence; mildly alkaline; gradual smooth 
boundary. 

C—40 to 60 inches; light olive brown (2.5Y 5/4) clay 
loam (about 28 percent clay); few fine distinct 
grayish brown (2.5Y 5/2) and common fine 
prominent yellowish brown (10YR 5/6) mottles; 
massive; friable; few soft accumulations (calcium 
carbonate); few fine shale fragments; strong 
effervescence; mildly alkaline. 


Typically, the thickness of the solum and the depth to 
free carbonates range from 18 to 50 inches. The mollic 
epipedon ranges from 10 to 24 inches in thickness. 

The A horizon has chroma of 1 or 2. The B horizon 
has hue of 10YR or 2.5Y, value of 3 or 4, and chroma 
of 3 or 4. It typically is clay loam, but the range includes 
loam in the lower part. The C horizon has hue of 10YR 
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or 2.5Y, value of 4 to 6, and chroma of 2 to 8. It is clay 
loam or, less commonly, loam. 

Map units 52C2, 52D2, and 52E2 are taxadjuncts to 
the Bode series because they do not have a mollic 
epipedon, which is definitive for the Bode series. 


Bolan Series 


The Bolan series consists of well drained soils on 
nearly level to slightly convex slopes on uplands and 
stream terraces. These soils formed in loamy eolian 
materials and alluvial sediments. Native vegetation was 
tall prairie grasses. Permeability is moderate in the 
upper part and rapid in the lower part. Slopes range 
from 0 to 5 percent. 

Typical pedon of Bolan loam, 2 to 5 percent slopes, 
in a cultivated field; 2,400 feet west and 540 feet north 
of the southeast corner of sec. 6, T. 96 N., R. 24 W. 


Ap—- to 7 inches; black (10YR 2/1) loam (20 percent 
clay). dark grayish brown (10YR 4/2) dry; weak fine 
granular structure; friable; few fine roots; medium 
acid; abrupt smooth boundary. 

A—7 to 14 inches; black (10YR 2/1) loam (23 percent 
clay), dark grayish brown (10YR 4/2) dry; weak fine 
and medium granular structure; friable; few fine 
roots; medium acid; gradual smooth boundary. 

AB—14 to 21 inches; very dark grayish brown (10YR 
3/2) loam (23 percent clay), grayish brown (10YR 
5/2) dry; weak medium granular and weak fine 
subangular blocky structure; friable; some mixings 
of brown (10YR 4/3) subsoil material; few fine roots; 
medium acid; clear smooth boundary. 

Bw1—21 to 28 inches; brown (10 YR 4/3) loam (18 
percent clay); some very dark grayish brown (10YR 
3/2) coatings on faces of peds; weak fine 
subangular blocky structure; friable; few fine roots; 
medium acid; gradual smooth boundary. 

Bw2— 28 to 36 inches; brown (10YR 4/3) fine sandy 
loam (14 percent clay); a few dark brown (10YR 
3/3) coatings on faces of peds; weak medium 
subangular blocky structure; very friable; medium 
acid; gradual smooth boundary. 

BC—36 to 41 inches; dark yellowish brown (10YR 4/4) 
loamy fine sand (8 percent clay); few brown (10YR 
4/3) coatings on faces of peds; weak medium and 
coarse subangular blocky structure; very friable; 
slightly acid; clear smooth boundary. 

C—41 to 60 inches; dark yellowish brown (10YR 4/4) 
fine sand (5 percent clay); single grained; loose; 
slightly acid. 
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The solum ranges from 30 to 48 inches in thickness. 
The mollic epipedon ranges from 10 to 24 inches in 
thickness. 

The A horizon has value of 2 or 3 and chroma of 1 or 
2. The Bw horizon has value and chroma of 3 to 6. The 
C horizon has value of 4 to 6 and chroma of 3 to 6. It is 
loamy fine sand or fine sand. 


Brownton Series 


The Brownton series cansists of poorly drained, 
slowly permeable, calcareous soils on uplands. These 
soils are on flats and in irregularly shaped swales. They 
formed in clayey and silty lacustrine sediments. Native 
vegetation was water-tolerant grasses. Slopes range 
from 0 to 2 percent. 

Typical pedon of Brownton silty clay loam, 0 to 2 
percent slopes, in a cultivated field; 2,600 feet west and 
400 feet north of the southeast corner of sec. 2, T. 95 
N., R. 25 W. 


Ap—0 to 8 inches; black (10YR 2/1) silty clay loam (35 
percent clay), very dark gray (10YR 3/1) dry; weak 
very fine and fine granular structure; firm; few fine 
roots; few fine snail fragments: strong 
effervescence; mildly alkaline; clear smooth 
boundary. 

A—8 to 13 inches; very dark gray (10YR 3/1) silty clay 
loam (37 percent clay), dark gray (10YR 4/1) dry: 
some mixings of olive gray (5Y 5/2) subsoil 
material; weak fine subangular blocky structure; 
firm, few fine roots; strong effervescence; 
moderately alkaline; clear smooth boundary. 

AB—13 to 17 inches; very dark gray (5Y 3/1) silty clay 
loam (37 percent clay), gray (10YR 4/1) dry; some 
mixings of olive gray (5Y 5/2) subsoil material; weak 
fine subangular blocky structure; firm; few fine 
tubular pores; strong effervescence; moderately 
alkaline; clear smooth boundary. 

Bg1—17 to 23 inches; olive gray (5Y 5/2) and dark gray 
(5Y 4/1) silty clay loam (35 percent clay); few fine 
prominent yellowish brown (10YR 5/6) mottles; 
weak fine subangular blocky structure; firm; few 
dark concretions (iron and manganese oxides); few 
fine tubular pores; strong effervescence; moderately 
alkaline; gradual smooth boundary. 

Bg2— 23 to 30 inches; olive gray (5Y 5/2) silty clay loam 
(35 percent clay); few fine faint olive (5Y 5/3) and 
few fine distinct yellowish brown (10YR 5/6) mottles; 
weak fine subangular blocky structure; firm; few 
very dark gray (10YR 3/1) krotovina channels; 
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few dark concretions (iron and manganese oxides); 
few fine tubular pores; strong effervescence; 
moderately alkaline; gradual smooth boundary. 

BC—30 to 39 inches; olive gray (5Y 5/2) silty clay (55 
percent clay); common fine prominent yellowish 
brown (10YR 5/8 and 5/6) mottles; moderate fine 
and medium subangular blocky structure; firm; few 
very dark gray (10YR 3/1) krotovina channels; few 
soft accumulations (calcium carbonate); few fine 
tubular pores; strong effervescence; moderately 
alkaline; gradual smooth boundary. 

C1—39 to 47 inches; olive gray (5Y 5/2) clay (75 
percent clay); common fine prominent yellowish 
brown (10YR 5/6) mottles; massive; firm; few soft 
accumulations (calcium carbonate); common fine 
tubular pores; strong effervescence; moderately 
alkaline; gradual smooth boundary. 

C2—47 to 60 inches; olive gray (5Y 5/2) clay (69 
percent clay); common fine prominent yellowish 
brown (10YR 5/6) mottles; massive; firm; few soft 
accumulations (calcium carbonate); common fine 
tubular pores; strong effervescence; mildly alkaline. 


The solum ranges from 24 to 44 inches in thickness. 
The mollic epipedon is 12 to 24 inches thick. The 
lacustrine sediments range from 30 to 60 inches or 
more in thickness. 

The A horizon is neutral in hue or has hue of 10YR 
to 5Y and chroma of 0 or 1. The B horizon has hue of 
2.5Y or 5Y, value of 4 or 5, and chroma of 1 or 2. It is 
silty clay loam or silty clay. The C horizon has hue of 
2.5Y or 5Y, value of 4 to 6, and chroma of 2. It is silty 
clay or clay. Some pedons have a 2C horizon that is 
clay loam or loam. 


Calco Series 


The Calco series consists of poorly drained, 


moderately permeable, calcareous soils on bottom land. 


These soils formed in silty alluvium. Native vegetation 
was water-tolerant grasses. Slopes range from 0 to 2 
percent slopes. 

Typical pedon of Calco silty clay loam, frequently 
flooded, 0 to 2 percent slopes, in pasture; 950 feet 
north and 60 feet west of the southeast corner of sec. 
6. T. 94 N., R. 23 W. 


A1— 0 to 16 inches; black (N 2/0) silty clay loam (about 
33 percent clay), dark gray (10YR 4/1) dry; weak 
very fine and fine granular structure with some fine 
medium granular; friable; common fine and medium 
roots; common fine snail shells; strong 
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effervescence; moderately alkaline; gradual smooth 
boundary. 

A2—16 to 26 inches; black (10YR 2/1) silty clay loam 
(about 33 percent clay), dark gray (10YR 4/1) dry; 
weak fine subangular blocky structure parting to 
weak very fine and fine granular; friable; common 
fine roots; common fine snail shells; strong 
effervescence: moderately alkaline; gradual smooth 
boundary. 

A3—26 to 34 inches; black (10YR 2/1) silty clay loam 
(about 35 percent clay), dark gray (10YR 4/1) dry; 
moderate fine subangular blocky structure parting to 
moderate very fine and fine granular; firm; few olive 
gray (5Y 4/2 and 5/2) krotovina channels; few fine 
roots; common fine snail shells; strong 
effervescence, moderately alkaline; gradual smooth 
boundary. 

A4—34 to 40 inches; black (10YR 2/1) silty clay loam 
(about 35 percent clay), dark gray (10YR 4/1) dry, 
moderate medium subangular blocky structure with 
some weak fine subangular blocky; firm; few fine 
roots; common fine snai! shells; strong 
effervescence; moderately alkaline; gradual smooth 
boundary. 

AC—4O0 to 48 inches; black (10YR 2/1) and very dark 
gray (10YR 3/1) silty clay loam (about 35 percent 
clay), dark gray (10YR 4/1) dry; common fine 
prominent olive gray (5Y 4/2) mottles; weak fine 
prismatic structure; firm; common fine snail shells; 
strong effervescence; moderately alkaline; abrupt 
smooth boundary. 

Cg—48 to 60 inches; olive gray (5Y 5/2) silty clay loam 
(about 27 percent clay); few medium prominent 
strong brown (7.5YR 4/6), common fine distinct light 
olive brown (2.5Y 5/6}, and common fine faint light 
olive gray (5Y 6/2) mottles; massive; friable; some 
black (10YR 2/1) root fills; few fine snail shells; 
strong effervescence; mildly alkaline. 


The solum ranges from 30 to 60 inches in thickness. 
The mollic epipedon commonly is 40 to 50 inches thick 
and has a minimum thickness of 30 inches. 

The A horizon is neutral in hue or has hue of 10YR 
to 5Y and chroma of 0 or 1. The Cg horizon has hue of 
10YR to 5Y, value of 3 to 6, and chroma of 0 to 2. 


Canisteo Series 


The Canisteo series consists of poorly drained, 
moderately permeable, calcareous soils on nearly level 
or slightly concave slopes on uplands. These soils 
formed in calcareous, glacial till-derived sediments or 
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glacial till. Native vegetation was water-tolerant grasses. 
Slopes range from 0 to 2 percent. 

Typical pedon of Canisteo clay loam, 0 to 2 percent 
slopes, in a cultivated field; 100 feet north and 200 feet 
east of the southwest corner of sec. 35, T. 97 N., R. 26 
W. 


Ap—0O to 8 inches; black (N 2/0) clay loam (about 32 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine granular structure; friable; few snail shells; 
strong effervescence; mildly alkaline; abrupt smooth 
boundary. 

A1—8 to 15 inches; black (N 2/0) clay loam (about 32 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine granular structure; friable; strong effervescence; 
mildly alkaline; clear smooth boundary. 

A2—15 to 21 inches; very dark gray (10YR 3/1) clay 
loam (about 32 percent clay), gray (10YR 5/1) dry; 
some mixing of dark gray (5Y 4/1) and olive gray 
(5Y 5/2) subsoil material; few fine distinct very dark 
gray (5Y 3/1) mottles; weak fine subangular blocky 
structure parting to weak fine granular; friable; 
strong effervescence; mildly alkaline; clear wavy 
boundary. 

BA—21 to 29 inches; dark gray (5Y 4/1) clay loam 
(about 30 percent clay); some mixing of olive gray 
(5Y 5/2) subsoil material; very dark gray (5Y 3/1) 
coatings on faces of peds; common fine faint olive 
gray (5Y 5/2) and light olive gray (5Y 6/2) mottles; 
weak fine subangular blocky structure; friable; 
strong effervescence; mildly alkaline; clear smooth 
boundary. 

Bg—29 to 36 inches; olive gray (5Y 5/2) clay loam 
(about 32 percent clay); very dark gray (5Y 3/1) 
coatings on faces of peds; common fine faint olive 
(5Y 5/3) mottles; weak fine and medium subangular 
blocky structure; friable; few soft accumulations 
(calcium carbonate); strong effervescence; mildly 
alkaline; gradual smooth boundary. 

BCg—36 to 43 inches; olive gray (5Y 5/2) loam (about 
22 percent clay); few fine prominent yellowish red 
(5YR 5/8), common fine prominent strong brown 
(7.5YR 5/6), and common fine faint olive (5Y 5/3) 
mottles; weak medium subangular blocky structure; 
friable; few soft accumulations (calcium carbonate); 
strong effervescence; mildly alkaline; abrupt smooth 
boundary. 

Cg—43 to 60 inches; olive gray (5Y 5/2) loam (about 22 
percent clay); few medium prominent yellowish red 
(5YR 5/8) and common medium prominent dark 
yellowish brown (10YR 4/6) and yellowish brown 
(10YR 5/6) mottles; massive; friable; few black 
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concretions (iron and manganese oxides); few soft 
accumulations (calcium carbonates); strong 
effervescence; mildly alkaline. 


The solum ranges from 20 to 50 inches in thickness. 
Carbonates are throughout the solum. The mollic 
epipedon ranges from 14 to 24 inches in thickness. 

The A horizon is neutral in hue or has hue of 10YR. 
It is clay loam or silty clay loam. The B horizon has hue 
of 2.5Y or 5Y, value of 4 or 5, and chroma of 1 or 2. It 
is clay loam, silty clay loam, or loam. The C horizon has 
hue of 2.5Y or 5Y, value of 5 or 6, and chroma of 2 to 
4. Its texture is loam or clay loam. 


Clarion Series 


The Clarion series consists of well drained, 
moderately permeable soils on upland knolls, ridges, 
and convex side slopes. These soils formed in glacial 
till. Native vegetation was prairie grasses. Slapes range 
from 2 to 18 percent. 

Typical pedon of Clarion loam, 2 to 5 percent slopes, 
in a cultivated field; 2,100 feet east and 540 feet north 
of the southwest corner of sec. 2, T. 97 N., R. 26 W. 


Ap—0O to 8 inches; black (10YR 2/1) loam (about 23 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine and very fine granular structure; friable; many 
fine roots; slightly acid; abrupt smooth boundary. 

A—8 to 16 inches; very dark brown (10YR 2/2) loam 
(about 24 percent clay), dark gray (10YR 4/1) dry; 
weak fine and very fine subangular blocky structure; 
friable; common fine roots; slightly acid; clear 
smooth boundary. 

AB—16 to 21 inches; very dark grayish brown (10YR 
3/2) loam (about 24 percent clay); some mixing of 
brown (10YR 4/3) and dark yellowish brown (10YR 
4/4) subsoil material; very dark gray (10YR 3/1) 
coatings on faces of peds; weak fine subangular 
blocky structure; friable; slightly acid; clear smooth 
boundary. 

Bw1—21 to 30 inches; dark yellowish brown (10YR 4/4) 
and brown (10YR 4/3) loam (about 24 percent clay); 
dark brown (10YR 3/3) and very dark grayish brown 
(10YR 3/2) coatings on faces of peds; weak fine 
subangular blocky structure; friable; slightly acid; 
gradual smooth boundary. 

Bw2—30 to 38 inches; dark yellowish brown (10YR 4/4) 
and yellowish brown (10YR 5/4) loam (about 24 
percent clay); weak fine and medium subangular 
blocky structure; friable; slightly acid; gradual 
smooth boundary. 
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BC—38 to 45 inches; dark yellowish brown (10YR 4/4) 
and yellowish brown (10YR 5/4) loam (about 24 
percent clay); weak fine and medium subangular 
blocky structure; friable; few dark concretions 
(manganese and iron oxides); friable; neutral; 
gradual smooth boundary. 

C1—45 to 52 inches: yellowish brown (10YR 5/4) loam 
(about 17 percent clay); massive; friable; few dark 
concretions (manganese and iron oxides); few soft 
accumulations (calcium carbonate); slight 
effervescence; mildly alkaline, gradual smooth 
boundary. 

C2—52 to 60 inches; yellowish brown (10YR 5/4) loam 
(about 14 percent clay); massive; friable; common 
dark concretions (manganese and iron oxides); few 
soft accumulations (calcium carbonate); slight 
effervescence; mildly alkaline. 


The solum ranges from 18 to 50 inches in thickness. 
The mollic epipedon is 10 to 22 inches thick. 

The A horizon has value of 2 or 3. It dominantly is 
loam but includes clay loam that is as much as 28 
percent clay. The Bw horizon has value of 4 or 5 and 
chroma of 3 or 4. The C horizon has hue of 10YR or 
2.5Y. 

The Clarion soils in map units 138C2, 138D2, 641C2, 
641D2, and 641E2 are taxadjuncts to the Clarion series 
because they do not have a mollic epipedon, which is 
definitive for the Clarion series. 


Coland Series 


The Coland series consists of poorly drained, 
moderately permeable soils on bottom land. These soils 
formed in loamy alluvium. Native vegetation was water- 
tolerant grasses. Slopes range from 0 to 2 percent. 

Typical pedon of Coland clay loam, 0 to 2 percent 
slopes, in a cultivated field; 580 feet west and 300 feet 
north of the southeast corner of sec. 15, T. 94 N., R. 26 
W. 


Ap—0 to 8 inches; black (N 2/0) clay loam (about 34 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine granular structure; friable; few fine roots; 
neutral; abrupt smooth boundary. 

A1—8 to 21 inches; black (N 2/0) clay loam (about 32 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine subangular blocky structure parting to weak fine 
granular; friable; few fine roots; neutral; gradual 
smooth boundary. 

A2—21 to 34 inches; black (10YR 2/1) clay loam (about 
29 percent clay), very dark gray (10YR 3/1) dry; 
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weak fine subangular blocky structure; friable; 
neutral; gradual smooth boundary. 

AC—34 to 45 inches; black (5Y 2/1) clay loam (about 
27 percent clay), very dark gray (10YR 3/1) dry; 
weak very fine prismatic structure parting to weak 
subangular blocky; friable; discontinuous sand lens 
1 inch thick; neutral; clear smooth boundary. 

Cg—45 to 60 inches; black (5Y 2/1) clay loam (about 
30 percent clay); few very dark gray (10YR 3/1) 
mixings; massive; friable; neutral. 


The solum ranges from 32 to 48 inches in thickness. 
The mollic epipedon is 36 or more inches thick. 

The A horizon is neutral in hue or has hue of 10YR, 
value of 2 or 3, and chroma of 0 or 1. The AC horizon 
is neutra! in hue or has hue of 10YR to 5Y, value of 2 
to 4, and chroma of 0 or 1. The C horizon is neutral in 
hue or has hue of 2.5Y or 5Y, value of 2 to 5, and 
chroma of 0 or 1. 


Collinwood Series 


The Collinwood series consists of somewhat poorly 
drained, moderately slowly or slowly permeable soils on 
low rises on ridgetops and concave side slopes on 
uplands. These soils formed in silty and clayey 
lacustrine sediments. Native vegetation was tall prairie 
grasses. Slopes range from 0 to 5 percent. 

Typical pedon of Collinwood silty clay loam, 0 to 2 
percent slopes, in a cultivated field; 60 feet east and 
500 feet south of the northwest corner of sec. 20, T. 95 
N., R. 24 W. 


Ap—O to 8 inches; black (10YR 2/1) silty clay loam 
(about 38 percent clay), very dark gray (10YR 3/1) 
dry; moderate fine granular structure with some 
moderate fine subangular blocky; firm; few fine 
roots; slightly acid; abrupt smooth boundary. 

A1—8 to 13 inches; black (10 YR 2/1) silty clay (about 
40 percent clay), very dark gray (10YR 3/1) dry; 
moderate very fine subangular blocky structure; 
firm; few fine roots; slightly acid; gradual smooth 
boundary. 

A2—13 to 17 inches; black (10YR 2/1) silty clay (about 
41 percent clay), very dark gray (10YR 3/1) dry; 
some mixings of dark grayish brown (2.5Y 4/2) 
subsoil material; moderate fine subangular blocky 
structure; firm; few fine roots; slightly acid; clear 
smooth boundary. 

Bw1—17 to 24 inches; dark grayish brown (2.5Y 4/2) 
silty clay (about 46 percent clay); some black (10YR 
2/1) and very dark gray (10YR 3/1) coatings on 
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faces of peds; moderate fine prismatic structure 
parting to moderate very fine subangular blocky; 
firm, few fine roots; neutral, gradual smooth 
boundary. 

Buv2—24 to 31 inches; dark grayish brown (2.5Y 4/2) 
silty clay (about 47 percent clay); about 40 percent 
very dark gray (10YR 3/1) coatings on faces of 
peds; common fine faint light olive brown (2.5Y 5/4) 
and few fine faint grayish brown (2.5Y 5/2) mottles: 
moderate fine prismatic structure parting to 
moderate fine subangular blocky; firm, few fine 
roots; few fine tubular pores; neutral; gradual 
smooth boundary. 

BCg—31 to 36 inches; grayish brown (2.5Y 5/2) silty 
clay (about 45 percent clay); dark grayish brown 
(2.5Y 4/2) coatings on faces of peds; common fine 
faint light olive brown (2.5Y 5/4) mottles; moderate 
fine prismatic structure parting to moderate fine 
subangular blocky; firm; few fine roots; common fine 
tubular pores; few black (10YR 2/1) krotovina 
channels; neutral; clear smooth boundary. 

C1—36 to 44 inches; grayish brown (2.5Y 5/2) silty clay 
loam (about 35 percent clay); common fine distinct 
light olive brown (2.5Y 5/6) mottles; massive; 
friable; few fine roots; few dark concretions (iron 
and manganese oxides); few soft accumulations 
(calcium carbonate); slight effervescence; mildly 
alkaline; gradual smooth boundary. 

C2—44 to 60 inches; grayish brown (2.5Y 5/2) silty clay 
loam (about 35 percent clay); common fine and 
medium distinct light olive brown (2.5Y 5/6) mottles; 
massive; friable; few dark accumulations (iron and 
manganese oxides); few soft accumulations 
(calcium carbonate); strong effervescence; mildly 
alkaline. 


The thickness of the solum and the depth to free 
carbonates range from 24 to 46 inches. The thickness 
of the mollic epipedon ranges from 14 to 24 inches. 

The A horizon has value of 2 or 3. The B horizon has 
hue of 10YR or 2.5Y, value of 3 to 5, and chroma of 2 
to 4. It commonly is silty clay but ranges to clay or silty 
clay loam. The C horizon has hue of 10YR or 2.5Y, 
value of 5 or 6, and chroma of 2 to 4. It is silty clay 
loam. silty clay, or clay. Some pedons have clay loam 
textures below a depth of 48 inches. 


Corwith Series 


The Corwith series consists of somewhat poorly 
drained, moderately permeable, calcareous soils on low 
rises on glacial lake plains and in outwash areas on 
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uplands. These soils formed in loamy and silty 
sediments. Native vegetation was tall prairie grasses. 
Slopes range from 1 to 3 percent. 

Typical pedon of Corwith loam, 1 to 3 percent slopes, 
in a cultivated field; 1,480 feet south and 1,060 feet 
west of the northeast corner of sec. 26, T. 96 N., R. 26 
W. 


Ap—0 to 9 inches; black (10YR 2/1) loam (about 19 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine granular structure; friable; few fine roots; strong 
effervescence; moderately alkaline; abrupt smooth 
boundary. 

A-—9 to 17 inches; very dark gray (10YR 3/1) loam 
(about 20 percent clay), dark gray (10YR 4/1) dry; 
black (10YR 2/1) coatings on faces of peds; weak 
fine subangular blocky structure; friable; few fine 
roots; strong effervescence; moderately alkaline; 
abrupt smooth boundary. 

Bw1—17 to 25 inches; dark grayish brown (2.5Y 4/2) 
and light olive brown (2.5Y 5/4) loam (about 16 
percent clay); some mixing of very dark gray (10YR 
3/1) subsurface material; weak fine subangular 
blocky structure; friable; strong effervescence; 
moderately alkaline; gradual smooth boundary. 

5۷2-25 to 30 inches; dark grayish brown (2.5Y 4/2) 
and light olive brown (2.5Y 5/4) silt loam (about 12 
percent clay); some mixing of very dark gray (10YR 
3/1) subsurface material; few fine faint grayish 
brown (2.5Y 5/2) and light olive brown (2.5Y 5/6) 
mottles; weak fine subangular blocky structure; 
friable; few soft accumulations (calcium carbonate); 
strong effervescence; moderately alkaline; clear 
smooth boundary. 

C1—-30 to 35 inches; mottled light olive brown (2.5Y 
5/4) and light brownish gray (2.5Y 6/2) silt loam 
(about 10 percent clay); few fine faint light olive 
brown (2.5Y 5/6) and few fine distinct gray (5Y 5/1) 
mottles; massive; friable; few dark concretions 
(manganese oxides); few soft accumulations 
(calcium carbonate); few black (10YR 2/1) fills along 
root channels; strong effervescence; moderately 
alkaline; clear smooth boundary. 

C2—35 to 50 inches; mottled light brownish gray (2.5Y 
6/2) and light olive brown (2.5Y 5/6) silt loam (about 
14 percent clay); few fine faint light olive brown 
(2.5Y 5/4), few fine prominent dark yellowish brown 
(10YR 4/6) and strong brown (7.5YR 4/6) mottles; 
massive; friable; few dark concretions (manganese 
oxides); few soft accumulations (calcium 
carbonate); strong effervescence; moderately 
alkaline; gradual smooth boundary. 
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C3—50 to 60 inches; mottled light brownish gray (2.5Y 
6/2) and light olive brown (2.5Y 5/4) silt loam (about 
9 percent clay); few fine faint light olive brown (2.5Y 
5/6) and few fine prominent strong brown (7.5YR 
4/6) mottles; massive; friable; few dark concretions 
(manganese oxides); few soft accumulations 
(calcium carbonate); strong effervescence; 
moderately alkaline. 


The solum ranges from 24 to 44 inches in thickness. 
The mollic epipedon is 10 to 20 inches thick. 

The A horizon is neutral in hue or has hue of 10YR 
and chroma of 0 to 2. The Bw horizon has hue of 10YR 
or 2.5Y, value of 4 or 5, and chroma of 2 to 6. The C 
horizon has hue of 10YR to 5Y, value of 4 to 6, and 
chroma of 2 to 8. 


Crippin Series 


The Crippin series consists of somewhat poorly 
drained, moderately permeable soils on low rises on 
Side slopes on uplands. These soils formed in glacial 
till. Native vegetation was tall prairie grasses. Slopes 
range from 1 to 3 percent. 

Typica! pedon of Crippin loam, 1 to 3 percent slopes, 
in a cuttivated field; 800 feet south and 2,050 feet west 
of the northeast corner of sec. 23, T. 97 N., R. 24 W. 


Ap—0 to 9 inches; black (10YR 2/1) loam (about 26 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine granular structure; friable; few fine roots; strong 
effervescense; moderately alkaline; abrupt smooth 
boundary. 

A—9 to 15 inches; black (10YR 2/1) clay loam (about 
28 percent clay), dark gray (10YR 4/1) dry; weak 
fine granular structure; friable; few fine roots; strong 
effervescence; moderately alkaline; gradual smooth 
boundary. 

AB—15 to 19 inches; very dark gray (10YR 3/1) loam 
(about 26 percent clay), dark gray (10YR 4/1) dry; 
mixed with black (10YR 2/1) subsurface material 
and dark grayish brown (2.5Y 4/2) subsoil material; 
weak very fine and fine subangular blocky structure; 
friable: few fine roots; strong effervescence; 
moderately alkaline; clear wavy boundary. 

Bw1—19 to 24 inches; dark grayish brown (2.5Y 4/2) 
loam (25 percent clay); dark gray (10YR 3/1) 
coatings on faces of peds; weak fine and very fine 
subangular blocky structure; friable; few fine roots; 
black (10YR 2/1) and light olive brown (2.5Y 5/4) 
krotovinas; strong effervescence; moderately 
alkaline: gradual smooth boundary. 
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Bw2—24 to 34 inches; light olive brown (2.5Y 5/4) loam 
(about 24 percent clay); very dark gray (10YR 3/1) 
coatings on faces of peds; common fine faint 
grayish brown (2.5Y 5/2) mottles; weak medium 
subangular blocky structure; friable; few fine dark 
concretions (iron and manganese oxides); few very 
fine soft accumulations (calcium carbonate); strong 
effervescence; moderately alkaline; clear smooth 
boundary. 

C—34 to 60 inches; grayish brown (2.5Y 5/2) and light 
olive brown (2.5Y 5/4) loam (about 22 percent clay); 
common fine distinct dark yellowish brown (10YR 
4/6) and yellowish brown (10YR 5/6) mottles; 
massive; friable; few fine dark concretions (iron and 
manganese oxides); common fine soft 
accumulations (calcium carbonate); strong 
effervescence; moderately alkaline. 


The solum ranges from 20 to 48 inches in thickness. 
The mollic epipedon is 12 to 23 inches thick. 

The A horizon has value of 2 or 3 and chroma of 1 or 
2. The Bw horizon has hue of 10YR or 2.5Y, value of 4 
or 5, and chroma of 2 to 4. The C horizon has hue of 
10YR, 2.5Y, or 5Y and value of 4 or 5. 


Dickman Series 


The Dickman series consists of well drained soils on 
uplands and outwash plains. These soils formed in 
loamy and sandy glacial outwash material. Native 
vegetation was tall prairie grasses. Permeability is 
moderately rapid in the solum and rapid in the 
substratum. Slopes range from 0 to 14 percent. 

Typical pedon of Dickman sandy loam, 2 to 5 percent 
Slopes, in a cultivated field; 2,500 feet north and 700 
feet east of the center of sec. 13, T. 96 N., R. 25 W. 


Ap—0 to 9 inches; very dark brown (10YR 2/2) sandy 
loam (about 13 percent clay), very dark grayish 
brown (10YR 3/2) dry; weak fine granular structure; 
very friable; many fine roots; medium acid; abrupt 
smooth boundary. 

A1—9 to 13 inches; very dark brown (10YR 2/2) and 
very dark grayish brown (10YR 3/2) sandy loam 
(about 12 percent clay), dark grayish brown (10YR 
4/2) dry; some mixing of dark yellowish brown 
(10YR 4/4) subsoil material; weak fine granular and 
weak very fine subangular blocky structure; very 
friable; common fine roots; medium acid; clear 
smooth boundary. 

A2—13 to 17 inches; very dark brown (10YR 2/2) and 
very dark grayish brown (10YR 3/2) sandy loam 
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(about 11 percent clay), dark grayish brown (10YR 
4/2) dry; some mixing of dark yellowish brown 
(10YR 4/4) subsoil material, weak fine granular and 
weak fine subangular blocky structure; very friable; 
few fine roots; black (10YR 2/1) warm fills; medium 
acid; clear smooth boundary. 

BA—17 to 20 inches; dark brown (10YR 3/3) loamy 
sand (about 9 percent clay), grayish brown (10YR 
5/2) dry, weak fine subangular blocky structure; 
very friable; few fine roots; black (10YR 2/1) worm 
fills; medium acid; clear smooth boundary. 

Bw—20 to 25 inches; dark brown (10YR 3/3) and brown 
(10YR 4/3) loamy sand (about 9 percent clay); weak 
fine subangular blocky structure; very friable; few 
fine roots; black (10YR 2/1) worm fills; medium acid; 
clear smooth boundary. 

BC—25 to 35 inches; dark yellowish brown (10YR 4/4) 
loamy sand (about 8 percent clay); single grained 
and weak coarse subangular blocky structure; 
loose; few fine roots; few tubular pores; medium 
acid; clear smooth boundary. 

C1—35 to 45 inches: yellowish brown (10YR 5/4) sand 
(about 7 percent clay); single grained; loose; few 
fine roots; medium acid; clear smooth boundary. 

C2—45 to 60 inches; yellowish brown (10YR 5/4) sand 
(about 7 percent clay); single grained: loose; 
medium acid. 


The solum ranges from 30 to 50 inches in thickness. 
The mollic epipedon is 10 to 20 inches thick. 

The A horizon has value of 2 or 3 and chroma of 1 or 
2. It is sandy loam or fine sandy loam. The Bw horizon 
has hue of 7.5YR or 10YR and value and chroma of 3 
or 4. The BC horizon has hue of 7.5YR to 2.5Y, value 
of 4 to 6, and chroma of 2 to 4. The C horizon has hue 
of 7.5YR to 2.5Y, value of 4 to 6, and chroma of 2 to 4. 


Estherville Series 


The Estherville series consists of somewhat 
excessively drained soils on uplands and glacial 
outwash plains. These soils formed in loamy and sandy 
glacial outwash. Native vegetation was tall prairie 
grasses. Permeability is moderately rapid in the upper 
part of the solum and very rapid in the lower part. 
Slopes range from 0 to 14 percent. 

Typical pedon of Estherville loam, 2 to 5 percent 
slopes, in a cultivated field; 2,400 feet east and 260 feet 
south of the northwest corner of sec. 1, T. 96 N., R. 24 
W. 


Ap—O to 9 inches; very dark gray (10YR 3/1) loam 
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(about 18 percent clay), dark gray (10YR 4/1) dry; 
black (10YR 2/1) coatings on peds; weak fine and 
very fine granular structure; friable; few fine roots; 
medium acid; clear smooth boundary. 

A—9 to 14 inches; very dark grayish brown (10YR 3/2) 
loam (about 17 percent clay), dark grayish brown 
(10YR 4/2) dry; very dark gray (10YR 3/1) coatings 
on faces of peds; weak fine and very fine 
subangular blocky structure; friable; few fine roots; 
medium acid; gradual wavy boundary. 

Bw—14 to 20 inches; brown (10YR 4/3) sandy loam 
(about 17 percent clay); very dark grayish brown 
(10YR 3/2) coatings on faces of peds; weak tine 
and very fine subangular blocky structure; very 
friable; few fine roots; slightly acid; gradual smooth 
boundary. 

2BC—20 to 26 inches; dark yellowish brown (10YR 4/4) 
loamy sand (about 8 percent clay); some dark 
brown (10YR 3/3) coatings on faces of peds; weak 
fine subangular blocky structure; very friable; about 
1 percent medium gravel; slightly acid; clear smooth 
boundary. 

2C1—26 to 36 inches; brown (10YR 5/3) sand (about 4 
percent clay); single grained; loose; about 8 percent 
fine gravel; slight effervescence; mildly alkaline; 
gradual smooth boundary. 

2C2—36 to 60 inches; brown (10YR 5/3) sand (about 4 
percent clay); single grained; loose; about 2 percent 
fine gravel; slight effervescence; mildly alkaline. 


The thickness of the solum and the depth to free 
carbonates range from 15 to 30 inches. The mollic 
epipedon ranges from 7 to 20 inches in thickness. 

The Ap and A horizons have value of 2 or 3. The Bw 
horizon has hue of 10YR or 7.5YR and value and 
chroma of 3 or 4. It typically is coarse sandy loam, 
sandy loam, or loam, averaging less than 18 percent 
clay. The 2BC horizon has hue of 10YR or 7.5YR, value 
of 3 or 4, and chroma of 2 to 4. It is loamy sand, sand, 
loamy coarse sand, or coarse sandy loam. The 2C 
horizon has value of 4 to 7 and chroma of 2 to 6. 


Fieldon Series 


The Fieldon series consists of poorly drained, 
calcareous soils on glacial outwash plains and upland 
flats. These soils formed in loamy sediments that 
overlie sand. Native vegetation was tall prairie grasses. 
Permeability is moderate in the solum and rapid in the 
substratum. Slopes range from 0 to 2 percent. 

Typical pedon of Fieldon loam, 0 to 2 percent slopes, 
in a cultivated field; 2,600 feet east and 300 feet north 
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of the southwest corner of sec. 25, T. 96 N., R. 26 W. 


Ap—0 to 7 inches; black (10YR 2/1) loam (about 21 
percent clay}, very dark gray (10YR 3/1) and dark 
gray (10YR 4/1) dry; weak fine and medium 
granular structure; friable; few fine roots; strong 
effervescence; mildly alkaline; abrupt smooth 
boundary. 

A—T to 14 inches; black (10YR 2/1) sandy clay loam 
(about 21 percent clay), very dark gray (10YR 3/1) 
dry; some mixing of olive gray (5Y 4/2) subsoil 
material; weak fine and medium granular structure; 
friable; few fine roots; strong effervescence; mildly 
alkaline; clear smooth boundary. 

AB—14 to 21 inches; very dark gray (10YR 3/1) sandy 
clay loam (about 21 percent clay), dark gray (10YR 
4/1) dry; some mixing of olive gray (5Y 5/2) subsoil 
material; common fine distinct dark grayish brown 
(2.5Y 4/2) mottles; weak fine granular and weak fine 
subangular blocky structure; friable; few fine roots; 
strong effervescence; mildly alkaline; gradual 
smooth boundary. 

Bg—21 to 28 inches; olive gray (5Y 5/2) fine sandy 
loam (about 16 percent clay); dark gray (5Y 4/1) 
coatings on faces of peds; common fine distinct 
light olive brown (2.5Y 5/4) and common fine faint 
light olive gray (5Y 6/2) mottles; weak fine and 
medium subangular blocky structure; very friable; 
few fine roots; strong effervescence; mildly alkaline; 
clear smooth boundary. 

BCg—28 to 36 inches; olive gray (5Y 5/2) and pale 
clive (5Y 6/4) fine sandy loam (about 12 percent 
clay); few fine prominent reddish brown (5YR 5/4) 
mottles; weak medium and coarse subangular 
blocky structure; very friable; common dark 
concretions (iron and manganese oxides); strong 
effervescence; mildly alkaline; gradual smooth 
boundary. 

Cg—36 to 60 inches; mottled olive gray (5Y 5/2) and 
light olive brown (2.5Y 5/4) loamy fine sand (about 
8 percent clay); few medium prominent strong 
brown (7.5YR 5/8) mottles; single grained: very 
friable; few very fine dark concretions (iron and 
manganese oxides); slight effervescence; mildly 
alkaline. 


The solum ranges from 20 to 40 inches in thickness. 
The mollic epipedon ranges from 14 to 24 inches in 
thickness. 

The A horizon is neutral in hue or has hue of 10YR, 
value of 2 or 3, and chroma of 0 or 1. it dominantly is 
loam and sandy clay loam but includes fine sandy loam. 
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The Bg horizon has hue of 2.5Y or 5Y, value of 4 to 6, 
and chroma of 1 or 2 in the upper part and chroma of 1 
to 4 in the lower part. The Cg horizon has hue of 2.5Y 
or 5Y, value of 5 or 6, and chroma of 1 to 4. Its texture 
typically is loamy fine sand or fine sand but includes 
stratifications of fine sandy loam and silt loam. 


Fostoria Series 


The Fostoria series consists of somewhat poorly 
drained, moderately permeable soils on low rises on 
uplands. These soils formed in loamy sediments. Native 
vegetation was tall prairie grasses. Slopes range from 1 
to 3 percent. 

Typical pedon of Fostoria loam, 1 to 3 percent 
slopes, in a cultivated field; 2,300 feet north and 680 
feet east of the southwest corner of sec. 11, T. 96 N., 
R. 25 W. 


Ap—O to 10 inches; black (10YR 2/1) loam (about 26 
percent clay), dark gray (10YR 4/1) dry; weak fine 
granular structure; friable; few fine roots; slightly 
acid; clear smooth boundary. 

A—10 to 15 inches; black (10YR 2/1) loam (about 26 
percent clay), dark gray (10YR 4/1) dry; weak fine 
subangular blocky structure; friable; few fine roots; 
slightly acid; clear smooth boundary. 

AB—15 to 20 inches; black (10YR 2/1) and very dark 
gray (10YR 3/1) clay loam (about 28 percent clay), 
dark gray (10YR 4/1) dry; weak fine subangular 
blocky structure; friable; few fine roots; slightly acid; 
gradual wavy boundary. 

Bw1—20 to 26 inches; dark grayish brown (2.5Y 4/2) 
loam (about 25 percent clay); very dark gray (10YR 
3/1) coatings on faces of peds; some mixing of light 
olive brown (2.5Y 5/4) subsoil material; weak fine 
subangular blocky structure; friable; few fine roots; 
neutral; gradual smooth boundary. 

Bw2—26 to 33 inches; olive brown (2.5Y 4/4) clay loam 
(about 27 percent clay); dark grayish brown (2.5Y 
4/2) and a few very dark gray (10YR 3/1) coatings 
on faces of peds; few fine faint grayish brown (2.5Y 
5/2) and light olive brown (2.5Y 5/6) mottles; weak 
fine and medium prismatic structure parting to weak 
fine subangular blocky; friable; few dark concretions 
(manganese oxides); neutral; gradual smooth 
boundary. 

Bw3—33 to 39 inches; light olive brown (2.5Y 5/4) clay 
loam (about 30 percent clay); few dark grayish 
brown (2.5Y 4/2) coatings on faces of peds; 
common fine faint grayish brown (2.5Y 5/2) and few 
fine faint light olive brown (2.5Y 5/6) mottles; weak 
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medium prismatic structure parting to weak fine 
subangular blocky; few dark concretions 
(manganese oxides); neutral; abrupt smooth 
boundary. 

BC—39 to 43 inches; light olive brown (2.5Y 5/4) silt 
loam (about 25 percent clay); common fine and 
medium faint grayish brown (2.5Y 5/2) and few fine 
faint light olive brown (2.5Y 5/6) mottles; weak 
medium prismatic structure parting to weak fine and 
medium subangular blocky; friable; few dark 
concretions (manganese oxides); slight 
effervescence; moderately alkaline; clear smooth 
boundary. 

C—43 to 60 inches; mottled grayish brown (2.5Y 5/2) 
and light olive brown (2.5Y 5/4) silt loam (about 17 
percent clay); massive; friable; few dark concretions 
(manganese oxides); few soft accumulations 
(calcium carbonate); strong effervescence; 
moderately alkaline. 


The solum ranges from 30 to 48 inches in thickness. 
Depth to free carbonates ranges from 24 to 48 inches. 
The A horizon is 12 to 24 inches thick. 

The A horizon is neutral in hue or has hue of 10YR, 
value of 2 or 3, and chroma of 0 or 1. The texture of the 
A horizon is loam or clay loam. The B horizon has hue 
of 10YR or 2.5Y, value of 4 or 5, and chroma of 2 in the 
upper part grading to chroma of 3 or 4 as depth 
increases. Clay content of the Bw horizon ranges from 
25 to 30 percent clay. The C horizon has hue of 10YR 
or 2.5Y, value of 4 to 6, and chroma of 1 to 6. 


Harcot Series 


The Harcot series consists of poorly drained, highly 
calcareous soils in lower-lying areas and on rims 
around depressions on glacial outwash plains. These 
soils formed in loamy sediments that overlie sand or 
sand and gravel. Native vegetation was water-tolerant 
grasses. Permeability is moderate in the solum and very 
rapid in the substratum. Slopes range from 0 to 2 
percent. 

These soils are taxadjuncts to the Harcot series 
because they have a sandy loam B horizon, which is 
not definitive for the Harcot series. 

Typical pedon of Harcot clay loam, 0 to 2 percent 
slopes, in a cultivated field; 120 feet south and 620 feet 
west of the northeast corner of sec. 3, T. 96 N., R. 25 
W. 


Akp—0 to 9 inches; black (10YR 2/1) clay loam (about 
29 percent clay), dark gray (10YR 4/1) dry; weak 
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fine granular structure; friable; few fine roots; 24 
percent calcium carbonate equivalent; violent 
effervescence; moderately alkaline; abrupt smooth 
boundary. 

Ak—9 to 15 inches; black (10YR 2/1) loam (about 25 
percent clay), dark gray (10YR 4/1) dry; weak fine 
and very fine granular structure with some weak 
fine subangular blocky; friable; few fine roots; 21 
percent calcium carbonate equivalent; violent 
effervescence; moderately alkaline; gradual smooth 
boundary. 

ABk—15 to 20 inches; very dark gray (10YR 3/1) sandy 
loam (about 19 percent clay), dark gray (10YR 4/1) 
dry; some mixing of olive gray (5Y 5/2) subsoil 
material; weak fine subangular blocky structure; 
friable; 16 percent calcium carbonate equivalent; 
violent effervescence; moderately alkaline; clear 
smooth boundary. 

Bg1—20 to 25 inches; olive gray (5Y 5/2) sandy loam 
(about 15 percent clay), some mixing of very dark 
gray (10YR 3/1) subsurface material; few fine 
distinct yellowish brown (10YR 5/6) mottles; weak 
fine subangular blocky structure; very friable; 7 
percent calcium carbonate equivalent; slight 
effervescence; moderately alkaline; gradual smooth 
boundary. 

Bg2—25 to 32 inches; olive gray (5Y 5/2) sandy loam 
(about 15 percent clay); some mixing of very dark 
gray (10YR 3/1) subsurface material; common fine 
faint olive (5Y 5/3) mottles; weak medium 
subangular blocky structure; very friable; 3 percent 
calcium carbonate equivalent; slight effervescence; 
moderately alkaline; clear smooth boundary. 

2Cg—32 to 60 inches; olive gray (5Y 5/2) and olive (5Y 
5/3) fine sand (about 6 percent clay); single 
grained; loose; few dark concretions (iron oxides); 0 
percent calcium carbonate equivalent; slight 
effervescence; moderately alkaline. 


The solum typically is 24 to 40 inches thick and is 
terminated by underlying sand and gravel. The mollic 
epipedon ranges from 12 to 24 inches in thickness. 

The Ak horizon is neutral in hue or has hue of 10YR, 
value of 2 or 3, and chroma of 0 or 1. The Bg horizon 
has hue of 2.5Y or 5Y, value of 4 or 5, and chroma of 1 
or 2. The 2C horizon has hue of 10YR to 5Y, value of 5 
or 6, and chroma of 1 to 6. It is loamy fine sand or fine 
sand. 


Harps Series 


The Harps series consists of poorly drained, 
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moderately permeable, highly calcareous soils on rims 
of depressions on broad upland flats. These soils 
formed in glacial till or till-derived sediments. Native 
vegetation was water-tolerant prairie grasses. Slopes 
range from 0 to 2 percent. 

Typical pedon of Harps loam, 0 to 2 percent slopes, 
in a cultivated field; 200 feet south and 60 feet east of 
the northwest corner of sec. 36, T. 94 N., R. 23 W. 


Akp—0 to 10 inches; black (10YR 2/1) loam (about 26 
percent clay), dark gray (10YR 4/1) dry; weak fine 
granular structure; friable; few fine roots; few fine 
snail shells; 37 percent calcium carbonate 
equivalent; violent effervescence; moderately 
alkaline; gradual smooth boundary. 

Ak—10 to 18 inches; very dark gray (10YR 3/1) loam 
(about 25 percent clay), dark gray (10YR 4/1) dry; 
few distinct faint olive gray (5Y 4/2) mottles; weak 
fine subangular blocky structure; friable; few fine 
roots; few fine snail shells; 27 percent calcium 
carbonate equivalent; violent effervescence; 
moderately alkaline; clear smooth boundary. 

Bgk1—18 to 27 inches; olive gray (5Y 5/2) loam (about 
18 percent clay); some mixing of very dark gray 
(10YR 3/1) subsurface material; few fine distinct 
light olive brown (2.5Y 5/4) and common fine faint 
olive (5Y 5/3) mottles; weak fine subangular blocky 
structure; friable; common soft accumulations 
(calcium carbonates); 21 percent calcium carbonate 
equivalent; violent effervescence; moderately 
alkaline; gradual smooth boundary. 

Bgk2—27 to 34 inches; olive gray (5Y 5/2) loam (about 
19 percent clay); few medium faint olive (5Y 5/3), 
few fine prominent strong brown (7.5YR 4/6), and 
common fine distinct light olive brown (2.5Y 5/4) 
mottles; weak medium prismatic structure parting to 
weak fine subangular blocky; friable; few dark 
concretions (iron and manganese oxides); common 
soft accumulations (calcium carbonate); 21 percent 
calcium carbonate equivalent; strong effervescence; 
moderately alkaline; gradual smooth boundary. 

BCg—34 to 42 inches; olive gray (5Y 5/2) loam (about 
19 percent clay); few fine prominent brown (7.5YR 
4/4) and many fine distinct light olive brown (2.5Y 
5/4) mottles; weak fine prismatic structure; friable; 
few dark concretions (iron and manganese oxides); 
few soft accumulations (calcium carbonate); 21 
percent calcium carbonate equivalent; strong 
effervescence; moderately alkaline; gradual smooth 
boundary. 

Cg—42 to 60 inches; mottled olive gray (5Y 5/2) and 
light olive brown (2.5Y 5/4) loam (about 22 percent 
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clay); few fine prominent yellowish brown (10YR 
5/8) mottles; massive; friable; few soft 
accumulations (calcium carbonate); 18 percent 
calcium carbonate equivalent; strong effervescence; 
moderately alkaline. 


The solum ranges from 30 to 50 inches in thickness. 
The mollic epipedon ranges from 12 to 21 inches in 
thickness. 

The A horizon is neutral in hue or has hue of 10YR 
and chroma of 0 or 1. It is loam or clay loam. The B 
horizon has hue of 2.5Y or 5Y, value of 5 or 6, and 
chroma of 1 or 2. It is loam or clay loam. The C horizon 
has value of 4 to 6 and chroma cf 1 to 4. 


Harpster Series 


The Harpster series consists of poorly drained, 
moderately permeable, highly calcareous soils on rims 
of depressions and in lower-lying areas on outwash 
plains on uplands. These soils formed in silty glacial 
sediments. Native vegetation was water-tolerant prairie 
grasses. Slopes range from 0 to 2 percent. 

Typical pedon of Harpster silty clay loam, O to 2 
percent slopes, in a cultivated field; 900 feet east and 
1,350 feet south of the northwest corner of sec. 13, T. 
95 N., R. 25 W. 


Akp—0 to 9 inches; black (10YR 2/1) silty clay loam 
(about 33 percent clay), dark gray (10YR 4/1) dry; 
weak fine granular structure; friable; few fine roots; 
few fine snail shells; 20 percent calcium carbonate 
equivalent; violent effervescence; moderately 
alkaline; abrupt smooth boundary. 

AK1—9 to 15 inches; very dark gray (10YR 3/1) silty 
clay loam (about 35 percent clay), dark gray (10YR 
4/1) dry; black (10YR 2/1) coatings on faces of 
peds; weak fine granular structure; friable; few fine 
roots; few fine snail shells; 25 percent calcium 
carbonate equivalent; violent effervescence; 
moderately alkaline; gradual smooth boundary. 

Ak2—15 to 21 inches; very dark gray (10YR 3/1) silty 
clay loam (about 33 percent clay), dark gray (10YR 
4/1) dry; few fine distinct very dark grayish brown 
(2.5Y 3/2) mottles; weak fine subangular blocky 
structure; friable; few fine roots; 22 percent calcium 
carbonate equivalent; violent effervescence: 
moderately alkaline; clear smooth boundary. 

Bg1—21 to 26 inches; dark grayish brown (2.5Y 4/2) 
silty clay loam (about 30 percent clay); very dark 
gray (10YR 3/1) and dark gray (10YR 4/1) coatings 
on faces of peds; few fine faint grayish brown (2.5Y 
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5/2) mottles; weak fine subangular blocky structure; 
friable; few fine roots; few light brownish gray (2.5Y 
6/2) krotovina channels; 18 percent calcium 
carbonate equivalent; strong effervescence; 
moderately alkaline; gradual smooth boundary. 

Bg2—26 to 32 inches; grayish brown (2.5Y 5/2) silt 
loam (about 22 percent clay); dark gray (10YR 4/1) 
coatings on faces of peds; common fine faint light 
olive brown (2.5Y 5/4) and few fine faint light olive 
brown (2.5Y 5/6) mottles; weak fine and medium 
subangular blocky structure; friable; few very dark 
gray (5Y 3/1) krotovina channels; few dark 
concretions (iron and manganese oxides); 21 
percent calcium carbonate equivalent; strong 
effervescence; moderately alkaline; gradual smooth 
boundary. 

BCg—32 to 40 inches; light brownish gray (2.5Y 6/2) silt 
loam (about 22 percent clay); common fine faint 
light olive brown (2.5Y 5/4) and few fine distinct 
yellowish brown (10YR 5/6) mottles; weak fine 
prismatic structure; friable; few very dark gray (5Y 
3/1) krotovina channels; few dark concretions (iron 
and manganese oxides); few soft accumulations 
(calcium carbonate); 21 percent calcium carbonate 
equivalent; strong effervescence; moderately 
alkaline; clear smooth boundary. 

Cg—40 to 60 inches; light brownish gray (2.5Y 6/2) silt 
loam (about 22 percent clay); common fine distinct 
yellowish brown (10YR 5/6) and common fine and 
medium prominent strong brown (7.5YR 4/6) 
motties; massive; friable; few dark concretions (iron 
and manganese oxides); few soft accumulations 
(calcium carbonate); 18 percent calcium carbonate 
equivalent; strong effervescence; moderately 
alkaline. 


. The solum ranges from 22 to 46 inches in thickness. 
The mollic epipedon ranges from 10 to 24 inches in 
thickness. 

The A horizon is neutral in hue or has hue of 10YR 
to 5Y and chroma of 0 or 1. Its texture is silty clay loam, 
less commonly silt loam. The Bg horizon has hue of 
2.5Y or 5Y and chroma of 1 or 2. The C horizon has 
hue of 2.5Y or 5Y, value of 4 to 6, and chroma of 1 to 
8. 


Houghton Series 


The Houghton series consists of very poorly drained, 
moderately slowly to moderately rapidly permeable soils 
in depressions and in old, shallow lakebeds. These 
soils formed in herbaceous organic deposits. Native 
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vegetation was sedges, reeds, and other water-tolerant 
grasses. Slopes range from 0 to 1 percent. 

Typical pedon of Houghton muck, 0 to 1 percent 
Slopes, in a cultivated field; 2,420 feet west and 1,640 
feet south of the northeast corner of sec. 14, T. 97 N., 
R. 23 W. 


Oap— 0 to 10 inches; black (N 2/0) broken face and 
rubbed sapric material, about 5 percent fibers, less 
than 5 percent rubbed, black (10YR 2/1) dry; weak 
fine granular structure; slightly sticky; fibers are 
herbaceous; common fine roots; neutral; clear 
smooth boundary. 

Oa1—10 to 44 inches; black (N 2/0) sapric material, 
less than 5 percent rubbed, black (10YR 2/1) dry; 
massive; slightly sticky; fibers are herbaceous; few 
fine roots; few small fragments of undecayed 
organic matter giving the horizon a strong brown 
cast; neutral; clear smooth boundary. 

Oa2—44 to 60 inches; black (10YR 2/1) sapric material, 
less than 5 percent rubbed, very dark gray (10YR 
3/1) dry; massive; slightly sticky; few fine roots; 
neutral. 


The thickness of the Oa horizon typically is more 
than 51 inches. The organic material is mainly 
herbaceous. The Oa horizon is neutral in hue or has 
hue of 10YR to 5YR, value of 2 or 3, and chroma of 0 
to 3. 


Kamrar Series 


The Kamrar series consists of well drained, 
moderately slowly permeable soils on low convex knolls 
on uplands. These soils formed in loamy glacial 
lacustrine sediments over glacial till. Native vegetation 
was tall prairie grasses. Slopes range from 2 to 5 
percent. 

Typical pedon of Kamrar clay loam, in an area of 
Bode-Kamrar clay loams, 2 to 5 percent slopes, in a 
cultivated field; 280 feet north and 1,720 feet west of 
the southeast corner of sec. 20, T. 95 N., R. 24 VV. 


Ap—O0 to 9 inches; black (10YR 2/1) clay loam (35 
percent clay), dark gray (10YR 4/1) dry; weak fine 
granular structure; friable; few fine and medium 
roots; neutral; abrupt smooth boundary. 

A—-9 to 14 inches; black (10YR 2/1) clay loam (38 
percent clay), dark gray (10YR 4/1) dry; moderate 
fine granular structure; firm; few fine and medium 
roots; neutral; gradual smooth boundary. 

AB—14 to 20 inches; very dark grayish brown (10YR 
3/2) clay loam (38 percent clay), dark gray (10YR 
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4/1) dry; some mixings of brown (10YR 4/3) subsoil 
material; black (10YR 2/1) coatings on faces of 
peds, moderate fine subangular blocky structure; 
firm; few fine roots; neutral; gradual smooth 
boundary. 

Bt1—20 to 28 inches; brown (10YR 4/3) clay loam (38 
percent clay}; moderate fine prismatic structure 
parting to moderate fine subangular blocky; firm; 
few faint very dark gray (10YR 3/1) and very dark 
grayish brown (10YR 3/2) clay films on faces of 
peds; few fine pores; few fine and medium shale 
fragments; neutral; gradual smooth boundary. 

Bt2— 28 to 35 inches; yellowish brown (10YR 5/4) clay 
(41 percent clay); few fine faint yellowish brown 
(10YR 5/6) mottles; moderate fine prismatic 
structure parting to moderate fine and medium 
subangular blocky; firm; common faint very dark 
gray (10YR 3/1) and dark grayish brown (10YR 4/2) 
clay films on faces of peds; few fine roots; few fine 
shale fragments; neutral; clear smooth boundary. 

2BC—35 to 40 inches; light olive brown (2.5Y 5/4) clay 
loam (28 percent clay); few fine faint grayish brown 
(2.5Y 5/2) and few fine prominent dark yellowish 
brown (10YR 4/6) and yellowish brown (10YR 5/6) 
mottles; weak medium prismatic structure; friable; 
few distinct dark grayish brown (10YR 4/2) and very 
dark gray (10YR 3/1) clay films on faces of peds; 
few fine roots; few dark concretions (iron and 
manganese oxides); few fine shale fragments; slight 
effervescence in places; mildly alkaline; gradual 
smooth boundary. 

2C1—40 to 47 inches; light olive brown (2.5Y 5/4) clay 
loam (about 29 percent clay); common fine faint 
grayish brown (2.5Y 5/2) and few fine prominent 
yellowish brown (10YR 5/6) mottles; massive; 
friable; very few distinct dark grayish brown (10YR 
4/2) clay films along root channels; common dark 
concretions (iron and manganese oxides); few soft 
accumulations (calcium carbonates); few fine shale 
fragments; strong effervescence; mildly alkaline; 
gradual smooth boundary. 

2C2—47 to 60 inches; light olive brown (2.5Y 5/4) loam 
(20 percent clay); common fine faint grayish brown 
(2.5Y 5/2), common fine prominent yellowish brown 
(10YR 5/4), and few fine prominent strong brown 
(7.5 YR 4/6) mottles; massive; friable; common dark 
concretions (iron and manganese oxides); few soft 
accumulations (calcium carbonates); strong 
effervescence; mildly alkaline. 


The solum ranges from 30 to 60 inches in thickness. 
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The mollic epipedon is 10 to 20 inches thick. 

The Bt horizon has chroma of 3 to 6. The 2BC and 
2C horizons have hue of 10YR or 2.5Y, value of 4 or 5, 
and chroma of 2 to 6. 


Kilkenny Series 


The Kilkenny series consists cf well drained, 
moderately slowly permeable soils on ridges and side 
slopes on uplands. These soils formed in a mantle of 
lacustrine sediments and the underlying loamy glacial 
till. Native vegetation was mixed prairie grasses and 
trees. Slopes range from 2 to 18 percent. 

Typical pedon of Kilkenny clay loam, 5 to 9 percent 
slopes, moderately eroded, in a cultivated field; 2,000 
feet south and 180 feet west of the northeast corner of 
sec. 1, T. 97 N., R. 23 W. 


Ap—O to 7 inches; very dark gray (10YR 3/1) clay loam 
(about 30 percent clay), gray (10YR 5/1) dry; mixed 
with some streaks and pockets of brown (10YR 4/3) 
subsoil material; weak fine granular structure; 
friable; common fine and medium roots; very few 
fine shale fragments; slightly acid; clear smooth 
boundary. 

Bt1—7 to 11 inches; brown (10YR 4/3) clay (about 41 
percent clay); some mixing of very dark gray (10YR 
3/1) surface material; moderate fine and medium 
subangular blocky structure; firm; few faint dark 
grayish brown (10YR 4/2) clay films on vertical 
faces of peds; few distinct light gray (10YR 7/2) silt 
coatings on faces of peds; common fine roots; few 
dark concretions (manganese oxides); few fine 
shale fragments; medium acid; gradual smooth 
boundary. 

Bt2—11 to 19 inches; olive brown (2.5Y 4/4) clay (about 
40 percent clay); some mixing of light olive brown 
(2.5Y 5/4) subsoil material; moderate fine and 
medium subangular blocky structure; firm; few 
distinct dark grayish brown (10YR 4/2) clay films on 
vertical faces of peds; few distinct light gray (10YR 
7/2) silt coatings on faces of peds; few fine roots; 
few dark concretions (manganese oxides); few fine 
shale fragments; medium acid; gradual smooth 
boundary. 

Bt3—19 to 25 inches; light olive brown (2.5Y 5/4) clay 
(about 41 percent clay); few fine faint light olive 
brown (2.5Y 5/6) motties; moderate fine and 
medium prismatic structure parting to moderate fine 
and medium subangular blocky; firm; common faint 
dark grayish brown (2.5Y 4/2) clay films on vertical 
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faces of peds; few distinct light gray (10YR 7/2) silt 
coatings on faces of peds; few fine roots; few dark 
concretions (manganese oxides); few fine medium 
shale fragments; medium acid; gradual smooth 
boundary. 

Bt4—25 to 33 inches; light olive brown (2.5Y 5/4) clay 
loam (about 37 percent clay); few fine faint light 
olive brown (2.5Y 5/6) and grayish brown (2.5Y 5/2) 
mottles; moderate medium prismatic structure 
parting to moderate fine and medium subangular 
blocky; firm; common faint dark grayish brown (2.5Y 
4/2) clay films on vertical faces of peds; tew fine 
roots; common black (10 YR 2/1) organic fills along 
root channels; common dark concretions 
(manganese oxides); few fine to coarse shale 
fragments; medium acid; gradual smooth boundary. 

BC—233 to 42 inches; light olive brown (2.5Y 5/4) clay 
loam (about 35 percent clay); few fine distinct 
yellowish brown (10YR 5/6), few fine prominent 
strong brown (7.5YR 5/6), and common fine faint 
grayish brown (2.5Y 5/2) mottles; moderate medium 
prismatic structure; firm; few faint dark grayish 
brown (2.5Y 4/2) clay films on vertical faces of 
peds; few black (10YR 2/1) organic filis along root 
channels; few dark concretions (iron and 
manganese oxides); very few fine shale fragments; 
slightly acid; gradual smooth boundary. 

C1—42 to 51 inches; light olive brown (2.5Y 5/4) and 
grayish brown (2.5Y 5/2) clay loam (about 29 
percent clay); few fine prominent strong brown 
(7.5 YR 5/6) and dark reddish brown (5YR 3/3) and 
common fine prominent brown (7.5 YR 4/4) mottles; 
massive; friable; few black (10YR 2/1) organic fills 
along root channels; few dark concretions (iron and 
manganese oxides); few soft accumulations 
(calcium carbonate); slight effervescence; mildly 
alkaline; clear smooth boundary. 

C2—51 to 60 inches; grayish brown (2.5Y 5/2) and light 
olive brown (2.5Y 5/4) loam (about 25 percent clay); 
few fine prominent strong brown (7.5 YR 5/6) and 
brown (7.5YR 4/4) mottles; massive; friable; few 
black (10YR 2/1) organic fills along root channels; 
few dark concretions (iron and manganese oxides); 
few soft accumulations (calcium carbonate); strong 
effervescence; mildly alkaline. 


The thickness of the solum and the depth to free 
carbonates range from 20 to 60 inches. 

The A horizon has value of 2 or 3. The B horizon has 
value of 4 or 5 and chroma of 3 to 5 in the lower part. 
The C horizon typically is clay loam but ranges to loam. 
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Kossuth Series 


The Kossuth series consists of poorly drained, 
moderately slowly permeable soils on nearly level or 
slightly concave slopes on uplands. These soils formed 
in silty lacustrine or glacial sediments and the 
underlying loamy glacial till. Native vegetation was tall 
prairie grasses. Slopes range from 0 to 2 percent. 

Typical pedon of Kossuth silty clay loam, 0 to 2 
percent slopes, in a cultivated field; 52 feet east and 
1,000 feet north of the southwest corner of sec. 19, T. 
94 N., R. 23 W. 


Ap—O to 7 inches; black (N 2/0) silty clay loam (about 
36 percent clay), very dark gray (10YR 3/1) dry; 
weak fine granular structure; firm; common fine 
roots; neutral; abrupt smooth boundary. 

A—7 to 14 inches; black (10YR 2/1) silty clay loam 
(about 38 percent clay), very dark gray (10YR 3/1) 
dry; black (N 2/0) coatings on faces of peds; 
moderate very fine subangular blocky structure; 
firm; few fine roots; neutral; gradual smooth 
boundary. 

AB—14 to 20 inches; very dark gray (5Y 3/1) silty clay 
loam (about 38 percent clay), dark gray (10YR 4/1) 
dry, black (5Y 2/1) coatings on faces of peds: few 
fine distinct olive brown (2.5Y 4/4) mottles: 
moderate very fine subangular blocky structure; 
firm; few fine roots; neutral; clear smooth boundary. 

Bt—20 to 30 inches; olive gray (5Y 4/2) silty clay loam 
(about 38 percent clay); very dark gray (10YR 3/1} 
coatings on faces of peds, common fine faint olive 
(5Y 5/3) mottles; moderate fine prismatic structure 
parting to moderate fine and very fine subangular 
blocky; firm; few fine roots; few faint dark gray (5Y 
4/1) clay films; neutral; clear smooth boundary. 

2BCg—30 to 39 inches; olive gray (5Y 5/2) loam (about 
23 percent clay); olive gray (SY 4/2) coatings on 
faces of peds; common fine distinct light olive brown 
(2.5Y 516) mottles; weak fine prismatic structure 
parting to weak fine and medium; friable; few fine 
rounded accumulations (calcium carbonate); strong 
effervescence; mildly alkaline; gradual smooth 
boundary. 

2Cg—39 to 60 inches; olive gray (5Y 5/2) loam (about 
23 percent clay); common fine and medium 
prominent yellowish brown (10YR 5/6) mottles; 
massive; friable; few dark concretions (iron and 
manganese oxides); few fine rounded 
accumulations (calcium carbonate); strong 
effervescence; moderately alkaline. 
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The thickness of the solum and the depth to free 
carbonates range from 30 to 50 inches. The mollic 
epipedon ranges from 16 to 24 inches in thickness. 

The A horizon is neutral in hue or has hue of 10YR 
or 5Y and value of 2 ar 3. It is silty clay loam or silty 
clay. The Bt horizon has hue of 2.5Y or 5Y and chroma 
of 1 or 2. The و280‎ horizon is clay loam or loam. The 
2Cg horizon has hue of 2.5Y or 5Y, value of 4 to 6, and 
chroma of 1 to 3. It is clay loam or loam. 


Lester Series 


The Lester series consists of well drained, 
moderately permeable soils on upland ridges and side 
slopes. These soils formed in glacial till. Native 
vegetation was mixed prairie grasses and trees. Slopes 
range from 2 to 25 percent. 

Typical pedon of Lester loam, 5 to 9 percent slopes, 
moderately eroded, in a cultivated field; 80 feet south 
and 2,520 feet east of the northwest corner of sec. 5, T. 
97 N., R. 23 W. 


Ap—O to 7 inches; very dark grayish brown (10YR 3/2) 
loam (about 26 percent clay), grayish brown (10YR 
5/2) dry; mixed with some streaks and pockets of 
brown (10YR 4/3) subsoil material; weak fine 
granular structure; friable; few fine roots; slightly 
acid; abrupt smooth boundary. 

Bt1—7 to 14 inches; brown (10YR 4/3) clay loam (about 
34 percent clay); weak fine subangular blocky 
structure parting to weak fine granular; friable; few 
faint very dark grayish brown (10YR 3/2) clay films 
on vertical faces of peds; few faint light gray (10YR 
7/2) silt coatings: few very dark gray (10YR 3/1) 
root fills; medium acid; clear smooth boundary. 

Bt2—14 to 21 inches; dark yellowish brown (10YR 4/4) 
clay loam (about 35 percent clay); moderate fine 
subangular blocky structure; friable; common faint 
dark brown (10YR 323) clay films on vertical faces 
of peds; few faint light gray (10YR 7/2) silt coatings; 
medium acid; gradual smooth boundary. 

Bt3—21 to 29 inches; dark yellowish brown (10YR 4/4) 
clay loam (about 28 percent clay); weak fine 
prismatic structure parting to weak fine and medium 
subangular blocky; friable; few faint dark brown 
(10YR 3/3) clay films on vertical faces of peds; few 
faint light gray (10YR 7/2) silt coatings; medium 
acid; gradual smooth boundary. 

BC—29 to 38 inches; dark yellowish brown (10YR 4/4) 
loam (about 24 percent clay); weak medium 
prismatic structure; friable; few faint dark brown 
(10YR 3/3) clay films on vertical faces of peds; few 
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faint light gray (10YR 7/2) silt coatings; few dark 
concretions (iron and manganese oxides); few very 
dark gray (10YR 3/1) and black (10YR 2/1) root fills; 
medium acid; gradual smooth boundary. 

C1—38 to 47 inches; light olive brown (2.5Y 5/4) sandy 
loam (about 19 percent clay); few fine prominent 
yellowish brown (10YR 5/6) mottles; massive; 
friable; few dark concretions (iron oxides); few soft 
accumulations (calcium carbonate); few shale 
fragments; less than 5 percent gravel; slight 
effervescence; mildly alkaline; gradual smooth 
boundary. 

C2—47 to 60 inches; light olive brown (2.5Y 5/4) sandy 
loam (about 13 percent clay); few fine prominent 
yellowish brown (10YR 5/6) mottles; massive; very 
friable; few dark concretions (iron oxides); few soft 
accumulations (calcium carbonate); slight 
effervescence; moderately alkaline. 


The thickness of the solum and the depth to free 
carbonates range from 20 to 54 inches. 

The A or Ap horizon has value of 2 or 3 and chroma 
of 1 or 2. Some pedons have an E horizon that has 
value of 3 or 4 and chroma of 1 or 2. It is loam or silt 
loam. The Bt horizon has value of 4 or 5. The C horizon 
has value of 4 to 6 and chroma of 3 to 6. 


Linder Series 


The Linder series consists of somewhat poorly 
drained soils on upland outwash plains and on stream 
terraces. These soils formed in loamy alluvium and the 
underlying sand and gravel. Native vegetation was tall 
prairie grasses. Permeability is moderately rapid in the 
solum and very rapid in the underlying sand and gravel. 
Slopes range from 0 to 2 percent. 

Typical pedon of Linder sandy loam, 32 to 40 inches 
to sand and gravel, 0 to 2 percent slopes, in a 
cultivated field; 900 feet north and 2,680 feet west of 
the southeast corner of sec. 26, T. 96 N., R. 26 W. 


Ap—0 to 10 inches; black (10YR 2/1) sandy loam 
(about 18 percent clay), very dark gray (10YR 3/1) 
dry; weak fine granular structure; very friable; few 
fine roots; slightly acid; gradual smooth boundary. 

A—10 to 15 inches; very dark gray (10YR 3/1) sandy 
loam (about 18 percent clay), dark gray (10YR 4/1) 
dry; few black (10YR 2/1) coatings on faces of 
peds; weak fine subangular blocky structure; very 
friable; few fine roots; neutral; clear smooth 
boundary. 

AB—15 to 21 inches; very dark grayish brown (10YR 
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3/2) sandy loam (about 17 percent clay), dark 
grayish brown (10YR 4/2) and very dark gray (10YR 
3/1) dry; some mixing of dark grayish brown (2.5Y 
4/2) subsoil material; common very dark gray (10YR 
3/1) coatings on faces of peds; weak fine 
subangular blocky structure; very friable; few fine 
roots: neutral; clear smooth boundary. 

Bw1—21 to 28 inches; dark grayish brown (2.5Y 4/2) 
sandy loam (about 17 percent clay); weak fine 
subangular blocky structure; very friable; mildly 
alkaline; gradual smooth boundary. 

Bw2—28 to 34 inches; dark grayish brown (2.5Y 4/2) 
sandy loam (about 18 percent clay); common fine 
faint light olive brown (2.5Y 5/4) and few fine 
prominent yellowish brown (10YR 5/6) mottles; 
weak fine subangular blocky structure: very friable; 
few dark concretions {iron and manganese oxides); 
mildly alkaline; clear smooth boundary. 

BC—34 to 39 inches; grayish brown (2.5Y 5/2) sandy 
loam (about 16 percent clay); few fine distinct olive 
gray (5Y 5/2) and few fine faint light olive brown 
(2.5Y 5/4) mottles; weak fine subangular blocky 
structure; very friable; common fine shale 
fragments; few small pebbles; mildly alkaline; abrupt 
smooth boundary. 

2C1—39 to 51 inches; dark grayish brown (2.5Y 4/2) 
loamy coarse sand (about 5 percent clay); single 
grained: loose; 5 percent fine and medium gravel; 
strong effervescence; moderately alkaline; abrupt 
smooth boundary. 

2C2—51 to 60 inches; dark grayish brown (2.5Y 4/2) 
and grayish brown (2.5Y 5/2) coarse sand (about 5 
percent clay); single grained; loose; 5 percent fine 
gravel: strong effervescence; moderately alkaline. 


The thickness of the solum and the depth to 
carbonates range from 24 to 40 inches. The mollic 
epipedon ranges from 10 to 24 inches in thickness. 

The A horizon has chroma of 1 or 2. It is sandy loam 
or, less commonly, loam. The Bw horizon has value of 
4 or 5 and chroma of 2 or 3. If chroma is 3, the horizon 
has low chroma mottles. The 2C horizon has hue of 
10YR or 2.5Y, value of 3 to 5, and chroma of 2 to 6. 


Mayer Series 


The Mayer series consists of poorly drained soils on 
stream terraces and in upland outwash areas. These 
soils formed in loamy sediments and the underlying 
sand and gravel. Native vegetation was water-tolerant 
grasses. Permeability is moderate in the solum and 
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rapid in the substratum. Slopes range from 0 to 2 
percent. 

Typical pedon of Mayer loam, 32 to 40 inches to 
sand and gravel, 0 to 2 percent slopes, in a cultivated 
field; 2,300 feet south and 240 feet west of the 
northeast corner of sec. 25, T. 95 N., R. 26 W. 


Ap—o to 10 inches; black (10YR 2/1) loam (26 percent 
clay), very dark gray (10YR 3/1) dry; weak fine 
granular structure; friable; common fine roots; few 
fine shell fragments; slight effervescence; mildly 
alkaline; clear smooth boundary. 

A—10 to 17 inches; black (10YR 2/1) loam (26 percent 
clay), very dark gray (10YR 3/1) dry; weak fine 
subangular blocky structure; friable; common fine 
roots; few fine shell fragments; slight effervescence; 
mildly alkaline; clear smooth boundary. 

AB—17 to 21 inches; very dark gray (10YR 3/1) loam 
(26 percent clay), dark gray (10YR 4/1) dry; some 
mixings of grayish brown (2.5Y 5/2) subsoil 
material; few very dark gray (10YR 3/1) coatings on 
faces of peds; weak fine subangular blocky 
structure; friable; few fine roots; few fine shell 
fragments; slight effervescence; moderately 
alkaline; clear smooth boundary. 

Bg1—21 to 28 inches; grayish brown (2.5Y 5/2) sandy 
clay loam (24 percent clay); few very dark gray 
(10YR 3/1) coatings on faces of peds; few fine 
distinct olive gray (5Y 5/2) and few fine faint dark 
grayish brown (2.5Y 4/2) mottles; weak fine 
subangular blocky structure; friable; few fine roots; 
few fine shell fragments; slight effervescence; 
moderately alkaline; clear smooth boundary. 

Bg2—28 to 33 inches; grayish brown (2.5Y 5/2) sandy 
clay loam (21 percent clay); few very dark gray 
(10YR 3/1) coatings on faces of peds; few fine faint 
light olive brown (2.5Y 5/4) and olive gray (5Y 5/2) 
mottles; weak fine subangular blocky structure; 
friable; about 9 percent fine gravel; slight 
effervescence; moderately alkaline; clear smooth 
boundary. 

2BC—33 to 37 inches; olive gray (5Y 5/2) sandy loam 
(18 percent clay); few very dark gray (10YR 3/1) 
coatings on faces of peds; few fine prominent 
strong brown (7.5YR 4/6) and few fine faint olive 
(SY 5/3) mottles; weak medium subangular blocky 
structure; friable; about 10 percent fine-and medium 
gravel; slight effervescence; mildly alkaline; abrupt 
smooth boundary. 

2C—37 to 60 inches; olive gray (5Y 4/2) gravelly coarse 
sand (5 percent clay); single grained; loose; 30 
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percent fine and medium gravel; slight 
effervescence; moderately alkaline. 


The thickness of the solum and the depth to the 2C 
horizon range from 24 to 40 inches. The A horizon 
ranges from 14 to 24 inches in thickness. 

The A horizon is neutral in hue or has hue of 10YR 
to 5Y, value of 2 or 3, and chroma of O or 1. The B 
horizon has hue of 10YR to 5Y, value of 4 or 5, and 


chroma of 1 or 2. It typically is loam or sandy clay loam. 


The 2C horizon has hue of 2.5Y or 5Y, value of 4 or 5, 
and chroma of 1 to 3. It is gravelly coarse sand or 
coarse sand. 


Muskego Series 


The Muskego series consists of very poorly drained 
Soils in large depressions that were shallow, glacial 
lakes. These soils formed in organic deposits of 
decomposed herbaceous materials underlain by limnic 
sediments of coprogenous earth. Native vegetation was 
sedges, reeds, and other water-tolerant grasses. 
Permeability is moderate or moderately rapid in the 
sapric material and slow in the underlying coprogenous 
earth. Slopes range from 0 to 1 percent. 

Typical pedon of Muskego muck, 0 to 1 percent 
slopes, in a cultivaied field; 400 feet west and 300 feet 
south of the center of sec. 24, T. 95 N., R. 26 W. 


Oap—0 to 10 inches; black (10YR 2/1) broken faced 
and rubbed sapric material, about 5 percent fiber, 
less than 5 percent rubbed, very dark gray (10YR 
3/1) dry; weak fine subangular blocky structure; 
nonsticky; common fine roots; neutral; clear smooth 
boundary. 

Oa1—10 to 19 inches; black (10YR 2/1) broken faced 
and rubbed sapric material, about 5 percent fiber, 
less than 5 percent rubbed, very dark gray (10YR 
3/1) dry: weak fine platy structure parting to weak 
fine subangular blocky; nonsticky; common fine 
roots; neutral; gradual smooth boundary. 

Oa2—19 to 28 inches; black (10YR 2/1) broken faced 
sapric material, less than 5 percent rubbed, very 
dark gray (10YR 3/1) dry; weak fine platy structure 
parting to weak fine subangular blocky; slightly 
Sticky; neutral; abrupt smooth boundary. 

C—28 to 60 inches; black (10YR and 5Y 2/1) 
coprogenous earth; massive; slightly sticky; few 
yellowish red (5YR 4/6) and brown (7.5YR 4/4) 
organic stains along old root channels; many fine 
snail shells; strong effervescence; mildly alkaline. 
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The thickness of the Oa horizon and depth to 
coprogenous earth range from 16 to 51 inches. 

The surface tier has chroma of 1 or 2. The 
subsurface and bottom tiers have hue of 7.5 YH or 
10YR, value of 2 or 3, and chroma of 1 to 3. The C 
horizon has value of 2 to 5 and chroma of 1 to 3. 


Nicollet Series 


The Nicollet series consists of somewhat poorly 
drained, moderately permeable soils on low rises and in 
slightly concave side slopes on uplands. These soils 
formed in glacial till. Native vegetation was tall prairie 
grasses. Slopes range from 1 to 3 percent. 

Typical pedon of Nicollet loam, 1 to 3 percent slopes, 
in a cultivated field; 220 feet east and 100 feet north of 
the southwest corner of sec. 17, T. 96 N., R. 26 W. 


Ap—0 to 9 inches; black (10YR 2/1) loam (about 26 
percent clay), very dark gray (10YR 3/1) dry; black 
(N 2/0) coatings on faces of peds; weak fine and 
very fine granular structure; friable; few fine roots; 
slightly acid; abrupt smooth boundary. 

A—9 to 16 inches; black (10YR 2/1) clay loam (about 
28 percent clay), very dark gray (10YR 3/1) dry; 
black (N 2/0) coatings on faces of peds; weak fine 
and very fine granular structure; friable; few fine 
roots; slightly acid; gradual smooth boundary. 

AB—16 to 20 inches; very dark grayish brown (10YR 
3/2) clay loam (about 28 percent clay), dark grayish 
brown (10YR 4/2) dry; some mixings of olive brown 
(2.5Y 4/4) subsoil material; black (10YR 2/1) and 
very dark gray (10YR 3/1) coatings on faces of 
peds; weak fine and very fine subangular blocky 
structure; friable; few fine roots; slightly acid; 
gradual smooth boundary. 

Bw1—20 to 26 inches; dark grayish brown (2.5Y 4/2) 
and olive brown (2.5Y 4/4) clay loam (about 29 
percent clay); very dark gray (10YR 3/1) coatings 
on faces of peds; weak fine subangular blocky 
structure; friable; few dark concretions (iron and 
manganese oxides); slightly acid; gradual smooth 
boundary. 

Bw2—26 to 33 inches; dark grayish brown (2.5Y 4/2) 
loam (about 26 percent clay); common fine faint 
olive brown (2.5Y 4/4) mottles; weak fine and 
medium subangular blocky structure; friable; few 
dark concretions (iron and manganese oxides); 
neutral; abrupt smooth boundary. 

BC—33 to 41 inches; dark grayish brown (2.5Y 4/2) and 
grayish brown (2.5Y 5/2) loam (about 24 percent 
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clay); common fine prominent yellowish brown 
(10YR 5/8) mottles; weak medium subangular 
blocky structure; friable; few dark concretions (iron 
and manganese oxides); few soft accumulations 
(calcium carbonate); slight effervescence; mildly 
alkaline: gradual smooth boundary. 

C—41 to 60 inches; mottled light olive brown (2.5Y 5/4) 
and grayish brown (2.5Y 5/2) loam (about 22 
percent clay); massive; friable; few dark concretions 
(iron and manganese oxides); few soft 
accumulations (calcium carbonate); strong 
effervescence; mildly alkaline; gradual smooth 
boundary. 


The thickness of the solum and the depth to free 
carbonates range from 20 to 48 inches. The mollic 
epipedon ranges from 10 to 24 inches in thickness. 

The A horizon has value of 2 or 3 and chroma of 1 or 
2, The Bw horizon has hue of 10YR or 2.5Y, value of 3 
or 4, and chroma of 2 to 4. In the lower part it has value 
of 4 or 5 and chroma of 2 to 4. The C horizon has hue 
of 2.5Y or 5Y, value of 5 or 6, and chroma of 2 to 4. 


Okoboji Series 


The Okoboji series consists of very poorly drained, 
moderately slowly permeable soils on upland 
depressions. These soils formed in sediments derived 
from glacial till. Native vegetation was water-tolerant 
grasses. Slopes are 0 to 1 percent. 

Typical pedon of Okoboji silty clay loam, O to 1 
percent slopes, in a cultivated field; 726 feet south and 
1,300 feet east of the northwest corner of sec. 23, T. 97 
N., R. 24 W. 


Ap—0 to 9 inches; black (N 2/0) silty clay loam (about 
39 percent clay), very dark gray (10YR 3/1) dry: 
weak fine granular structure; firm; few fine roots; 
mildly alkaline; gradual smooth boundary. 

A1—9 to 17 inches; black (N 2/0) silty clay loam (about 
39 percent clay), very dark gray (10YR 3/1) dry; 
weak fine subangular blocky structure; firm; few fine 
roots: neutral; gradual smooth boundary. 

A2—17 to 30 inches; black (10YR 2/1) silty clay (about 
41 percent clay), dark gray (10YR 4/1) dry; weak 
fine and medium subangular blocky structure; firm; 
few fine roots; mildly alkaline; gradual smooth 
boundary. 

A3—30 to 36 inches; black (10YR 2/1) silty clay (about 
42 percent clay), dark gray (10YR 4/1) dry; mixed 
with some streaks and pockets of very dark gray 
(10YR 3/1) subsoil material; few fine distinct very 
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dark grayish brown (2.5Y 3/2) mottles; weak very 
fine prismatic structure parting to weak fine and 
medium subangular blocky; firm; mildly alkaline; 
clear smooth boundary. 

Bg1—36 to 40 inches; very dark gray (10YR 3/1) silty 
clay (about 41 percent clay); few black (10YR 2/1) 
coatings on faces of peds; few fine distinct very 
dark grayish brown (2.5Y 3/2), dark grayish brown 
(2.5Y 4/2), and light olive brown (2.5Y 5/4) mottles: 
weak very fine prismatic structure; firm; mildly 
alkaline; clear smooth boundary. 

Bg2—40 to 46 inches; olive gray (5Y 5/2) silty clay loam 
(about 38 percent clay); few fine faint olive (5Y 5/3 
and 5/4) mottles; weak fine prismatic structure; firm: 
few soft accumulations (calcium carbonate); few 
very dark gray (10YR 3/1) fills along root channels; 
strong effervescence; mildly alkaline; gradual 
smooth boundary. 

Cg—46 to 60 inches; olive gray (5Y 5/2) silty clay loam 
(about 30 percent clay); few to common fine faint 
olive (5Y 5/3 and 5/4) mottles; massive: friable; few 
soft accumulations (calcium carbonate); few very 
dark gray (10YR 3/1) fills along root channels; 
strong effervescence; moderately alkaline. 


The solum ranges from 40 to 64 inches in thickness. 
Depth to carbonates ranges from 20 to 50 inches. The 
mollic epipedon is 24 to 48 inches thick. 

The A horizon is neutral in hue or has hue of 10YR 
and chroma of 0 or 1. It is silty clay loam, silty clay, or 
mucky silt loam. The Bg1 horizon is neutral in hue or 
has hue of 10YR or 2.5Y, value of 3 or 4, and chroma 
of 0 or 1. The Bg2 horizon has hue of 2.5Y or 5Y, value 
of 4 or 5, and chroma of 1 or 2. It is silty clay loam or 
silty clay. The C horizon has hue of 2.5Y or 5Y, value of 
4 or 5, and chroma of 1 or 2. It is silty clay toam, and in 
some pedons contains thin strata of loam or silt loam. 


Ottosen Series 


The Ottosen series consists of somewhat poorly 
drained, moderately slowly permeable soils on gently 
convex or slightly concave slopes on uplands. These 
soils formed in loamy glacial or lacustrine sediments 
and the underlying loamy glacial till. Native vegetation 
was tall prairie grasses. Slopes range from 1 to 3 
percent. 

Typical pedon of Ottosen clay loam, 1 to 3 percent 
slopes; 890 feet east and 400 feet north of the 
southwest corner of sec. 19, T. 94 N., R. 23 W. 


Ap—0 to 8 inches; black (10YR 2/1) clay loam (about 
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32 percent clay), very dark gray (10YR 3/1) dry; 
weak fine and very fine granular structure; friable; ` 
few fine roots; neutral; abrupt smooth boundary. 

A—8 to 15 inches; black (10YR 2/1) clay loam (about 
32 percent clay), very dark gray (10YR 3/1) dry; 
weak fine granular structure; friable; few fine roots; 
neutral; clear smooth boundary. 

AB—15 to 19 inches; very dark grayish brown (2.5Y 
3/2) silty clay loam (about 34 percent clay), dark 
gray (10YR 4/1) dry; some mixings of olive brown 
(2.5Y 4/4) subsoil material; black (10YR 2/1) and 
very dark gray (10YR 3/1) coatings on faces of 
peds; weak fine subangular blocky structure parting 
lo weak fine granular; friable; few fine roots; neutral; 
clear wavy boundary. 

Bw1—19 to 27 inches; dark grayish brown (2.5Y 4/2) 
silty clay loam (about 34 percent clay); some 
mixings of grayish brown (2.5Y 5/2) lower subsoil 
material; very dark gray (10YR 3/1) coatings on 
faces of peds; weak fine subangular blocky 
structure; friable; few fine roots; neutral; abrupt 
wavy boundary. 

8۸۷2-27 to 35 inches; grayish brown (2.5Y 5/2) clay 
loam (about 30 percent clay); few fine faint light 
olive brown (2.5Y 5/4) mottles; weak fine and 
medium subangular blocky structure; friable; few 
fine soft accumulations (calcium carbonate); strong 
effervescence; moderately alkaline; gradual smooth 
boundary. 

2C—35 to 60 inches; mottled olive gray (5Y 5/2) and 
olive brown (2.5Y 4/4) loam (about 24 percent clay); 
massive; friable; few fine soft accumulations 
(calcium carbonate); strong effervescence; 
moderately alkaline. 


The solum ranges from 24 to 50 inches in thickness. 
The mollic epipedon ranges from 12 to 24 inches in 
thickness. 

The Ap or A horizon is neutral in hue or has hue of 
10YR and chroma of 0 or 1. The AB horizon has value 
of 2 or 3 and chroma of 1 or 2. The A horizon is clay 
loam or silty clay loam. In the upper part the Bw horizon 
has hue of 10YR or 2.5Y. In the lower part it has hue of 
2.5Y or 5Y, value of 4 or 5, and chroma of 2 to 4. It is 
silty clay loam or clay loam. The 2C horizon has value 
of 4 to 6. 


Palms Series 


The Palms series consists of very poorly drained 
Soils in depressions and old lakebeds on uplands. 
These soils formed in organic material and the: 
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underlying silty sediments. Native vegetation was 
sedges, reeds, and other water-tolerant grasses. 
Permeability is moderately slow to moderately rapid in 
the upper part and moderate in the lower part. Slopes 
range from 0 to 1 percent. 

Typical pedon of Palms muck, 0 to 1 percent slopes, 
in a cultivated field; 300 feet north and 2,370 feet west 
of the southeast corner of sec. 26, T. 97 N., R. 25 W. 


Op—0 to 10 inches; black (N 2/0) sapric material, about 
5 percent fibers, less than 5 percent rubbed, black 
(10YR 2/1) dry; weak fine granular structure; slightly 
sticky; fibers are herbaceous; few fine roots; slightly 
acid; abrupt smooth boundary. 

Oa1—10 to 18 inches; black (N 2/0) sapric material, 
about 5 percent fibers, less than 5 percent rubbed, 
3 percent brown (7.5YR 4/4) undecomposed fibers, 
black (10YR 2/1) dry; weak fine granular and weak 
fine subangular blocky structure; slightly sticky; 
fibers are herbaceous; slightly acid; gradual smooth 
boundary. 

Oa2—18 to 26 inches; black (10YR 2/1) sapric material, 
less than 5 percent rubbed, very dark gray (10YR 
3/1) dry; weak fine subangular blocky structure; 
slightly sticky; few strong brown (7.5YR 4/6) organic 
stains along root channels; slightly acid; gradual 
smooth boundary. 

Oa3—26 to 32 inches; black (10YR 2/1) sapric material, 
less than 5 percent rubbed, dark gray (10YR 4/1) 
dry; few fine prominent strong brown (7.5 YR 5/6) 
mottles; weak fine subangular blocky structure; 
slightly sticky; few strong brown (7.5YR 4/6), 
yellowish red (5YR 4/6), and black (N 2/0) organic 
stains along root channels; slightly acid; clear 
smooth boundary. 

2Cg1—32 to 37 inches; black (10YR 2/1) and very dark 
gray (10YR 3/1) silty clay loam (about 29 percent 
clay), dark gray (10YR 4/1) dry; few fine prominent 
olive gray (5Y 5/2) mottles; massive; friable; few 
strong brown (7.5YR 4/6) and red (2.5YR 5/8) 
organic stains along root channels; neutral; clear 
smooth boundary. 

2Cg2—37 to 50 inches; olive gray (5Y 4/2) silty clay 
loam (about 35 percent clay); very dark gray (10YR 
3/1) mixings; few fine faint olive (5Y 5/3) and few 
fine prominent dark yellowish brown (10YR 4/4) 
mottles; massive; friable; few strong brown (7.5YR 
4/6) and red (2.5YR 4/8) stains along root channels; 
neutral; clear smooth boundary. 

2Cg3—50 to 60 inches; olive gray (5Y 4/2 and 5/2) silty 
clay loam (about 35 percent clay); few medium faint 
gray (5Y 5/1) and few medium prominent dark 
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yellowish brown (10YR 4/4) mottles; massive; 
friable: few strong brown (7.5YR 4/6) and red 
(2.5YR 5/8) stains along root channels; neutral. 


The Oa horizon ranges from 16 to 50 inches in 
thickness. It is neutral in hue or has hue of 7.5YR or 
10YR and chroma of 0 to 2. The 2Cg horizon has hue 
of 10YR to 5Y and value of 2 to 7. It typically is silty 
clay loam, but in some pedons it is silt loam, loam, or 
clay loam. 


Ridgeport Series 


The Ridgeport series consists of somewhat 
excessively drained soils on stream terraces and glacial 
outwash plains. These soils formed in loamy sediments 
and the underlying sand and gravel. Native vegetation 
was tall prairie grasses. Permeability is moderately 
rapid in the solum and very rapid in the substratum. 
Slopes range from 0 to 5 percent. 

Typical pedon of Ridgeport sandy loam, 2 to 5 
percent slopes, in a cultivated field; 549 feet north and 
150 feet east of the southwest corner of sec. 26, T. 96 
N., R. 26 W. 


Ap— 0 to 10 inches; black (10YR 2/1) sandy loam 
(about 18 percent clay), very dark gray (10YR 3/1) 
dry; weak fine granular structure; very friable; 1 
percent coarse fragments; few fine roots; neutral; 
abrupt smooth boundary. 

A—10 to 19 inches; very dark gray (10YR 3/1) sandy 
loam (about 18 percent clay), dark gray (10YR 4/1) 
dry; weak fine granular structure; very friable; 1 
percent coarse fragments; few fine roots; neutral; 
clear smooth boundary. 

Bw1—19 to 25 inches; brown (10YR 4/3) sandy loam 
(about 18 percent clay); some mixing of very dark 
gray (10YR 3/1) subsurface material; weak fine 
subangular blocky structure; very friable; 1 percent 
coarse fragments; neutral; gradual smooth 
boundary. 

Bw2—25 to 29 inches; dark yellowish brown (10YR 4/4) 
sandy loam (about 16 percent clay); weak fine and 
medium subangular blocky structure; very friable; 2 
percent coarse fragments; neutral; clear smooth 
boundary. 

2C—29 to 60 inches; dark yellowish brown (10YR 4/4) 
gravelly loamy sand (about 8 percent clay); single 
grained; very friable; few dark concretions (iron and 
manganese oxides); 2 percent shale fragments, 25 
percent fine and medium gravel; slight 
effervescence; mildly alkaline. 
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The solum thickness and the depth to free 
carbonates range from 24 to 50 inches. The mollic 
epipedon ranges from 10 to 24 inches. 

The A horizon has chroma of 1 or 2. The Bw horizon 
has hue of 10YR or 7.5YR and value of 3 ta 5. Some 
pedons have a 2BC horizon that has hue of 10YR or 
7.5YR, value of 4 or 5, and chroma of 4 to 6. It is 
gravelly sandy loam or gravelly loamy sand. The 2C 
horizon has hue of 7.5YR or 10YR, value of 4 or 5, and 
chroma of 3 to 6. It is gravelly loamy sand or gravelly 
sand. 


Rolfe Series 


The Rolfe series consists of very poorly drained, 
slowly permeable soils in depressions on uplands and 
stream terraces. These soils formed in glacial drift and 
local, loamy alluvial sediments. Native vegetation was 
sedges, reeds, and other water-tolerant grasses. Slopes 
range from 0 to 1 percent. 

Typical pedon of Rolfe silty clay loam, 0 to 1 percent 
slopes, in a cultivated field; 2,540 feet west and 740 
feet north of the southeast corner of sec. 4, T. 94 N., R. 
23 VV. 


Ap—0 to 9 inches; black (10YR 2/1) silty clay loam 
(about 30 percent clay), dark gray (10YR 4/1) dry; 
weak fine and medium subangular blocky structure; 
friable; few fine roots; medium acid; abrupt smooth 
boundary. 

A—9 to 13 inches; very dark gray (10YR 3/1) silt loam 
(about 22 percent clay), gray (10YR 5/1) and dark 
gray (10YR 4/1) dry; few fine distinct olive brown 
(2.5Y 4/4) mottles; weak thin platy structure; friable; 
few fine roots; common fine tubular pores; slightly 
acid; clear smooth boundary. 

E—13 to 21 inches; dark gray (10YR 4/1) silt loam 
(about 15 percent clay), light gray (10YR 6/1) dry; 
few fine distinct olive brown (2.5Y 4/4) mottles; 
weak medium platy structure: friable; few fine roots; 
common fine tubular pores; slightly acid; clear 
smooth boundary. 

Btg1—21 to 29 inches; olive gray (5Y 4/2) silty clay 
loam (about 38 percent clay); few fine distinct olive 
brown (2.5Y 4/4) and light olive brown (2.5Y 5/4) 
mottles; moderate medium prismatic structure 
parting to moderate fine and medium subangular 
blocky; firm; common prominent very dark gray 
(10YR 3/1) clay films on vertical faces of peds; few 
fine roots; few fine tubular pores; few dark 
concretions (iron oxides); medium acid; gradual 
smooth boundary. 
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Btg2—29 to 41 inches; olive gray (5Y 5/2) silty clay 
loam (about 38 percent clay); few fine prominent 
yellowish brown (10YR 5/4 and 5/6) and common 
fine faint olive (5Y 5/3) mottles; moderate medium 
prismatic structure parting to moderate fine and 
medium angular blocky; firm; common prominent 
very dark gray (10YR 3/1) clay films on vertical 
faces of peds; few fine roots; black (10YR 2/1) fills 
along root channels; few fine tubular pores; few 
dark concretions (iron oxides); slightly acid; clear 
smooth boundary. 

Btg3—41 to 52 inches; olive gray (5Y 5/2) sandy clay 
loam (about 23 percent clay); few fine prominent 
yellowish brown (10YR 5/4 and 5/6) and many fine 
faint olive (5Y 5/3) moies weak medium prismatic 
structure parting to weak fine and medium 
subangular blocky; friable; few prominent very dark 
gray (10YR 3/1) clay films on vertical faces of peds; 
few fine roots; few black (10YR 2/1) filis along root 
channels; few fine tubular pores; few dark 
concretions (iron oxides); neutral; clear smooth 
boundary. 

BCg—52 to 60 inches; olive gray (5Y 5/2) sandy clay 
loam (about 20 percent clay); common fine 
prominent yellowish brown (10YR 5/6 and 5/8) and 
common fine distinct light olive brown (2.5Y 5/4) 
mottles; weak coarse prismatic structure; friable; 
few black (10YR 2/1) fills along root channels; few 
dark concretions (iron oxides); neutral. 


The thickness of the solum and the depth to free 
carbonates range to more than 60 inches. The mollic 
epipedon is 10 to 18 inches thick. 

The Ap horizon has value of 2 or 3. It is silty clay 
loam or silt loam. The E horizon has value of 3 to 6. 
The Btg horizon has value of 4 to 6 and chroma of 1 or 
2. 


Salida Series 


The Salida series consists of excessively drained, 
very rapidly permeable soils on upland knolls and 
outwash plains. These soils formed in loamy and sandy 
glacial outwash. Native vegetation was tall prairie 
grasses. Slopes range from 2 to 14 percent. 

Typical pedon of Salida gravelly sandy loam, 2 to 9 
percent slopes, moderately eroded, in a cultivated field; 
1,480 feet south and 100 feet east of the northwest 
corner of sec. 1, T. 96 N., R. 24 W. 


Ap—0 to 7 inches; very dark grayish brown (10YR 3/2) 
gravelly sandy loam (about 12 percent clay), grayish 
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brown (10YR 5/2) dry; mixed with streaks and 
pockets of brown (10YR 4/3) subsoil material; weak 
medium and fine granular structure; very friable; 19 
percent medium and fine gravel; slight 
effervescence; moderately alkaline; clear smooth 
boundary. 

Bw—7 to 15 inches; brown (10YR 4/3) gravelly loamy 
coarse sand (about 8 percent clay); single grained; 
loose; 15 percent medium and fine gravel; many 
shale fragments; slight effervescence; moderately 
alkaline; gradual smooth boundary. 

C1—15 to 36 inches; variegated brown (10YR 4/3) and 
yellowish brown (10YR 5/4 and 5/6) very gravelly 
coarse sand (about 5 percent clay); single grained; 
loose; 40 percent medium and fine gravel; slight 
effervescence; moderately alkaline; gradual smooth 
boundary. 

C2—36 to 51 inches; variegated dark grayish brown 
(10YR 4/2), brown (10YR 4/3), and dark yellowish 
brown (10YR 4/4) very gravelly coarse sand (about 
5 percent clay); single grained; loose; 36 percent 
medium and fine gravel; few shale fragments; slight 
effervescence; moderately alkaline; gradual smooth 
boundary. 

C3—51 to 60 inches; variegated brown (10YR 4/3), 
dark yellowish brown (10YR 4/4), and yellowish 
brown (10YR 5/4) very gravelly coarse sand (about 
5 percent clay); single grained; loose; 36 percent 
fine gravel; slight effervescence; moderately 
alkaline. 


The solum ranges from 7 to 20 inches in thickness. 
The depth to free carbonates is 0 to 20 inches, and 
most pedons are calcareous throughout. The thickness 
of the mollic epipedon is 7 to 14 inches. 

The A horizon has value of 2 or 3 and chroma of 1 to 
3. The Bw horizon has value and chroma of 3 or 4. The 
C horizon has value of 3 to 6 and chroma of 2 to 6. 


Spicer Series 


The Spicer series consists of poorly drained, 
moderately permeable soils on upland outwash and 
lake plains. These soils formed in glacial lacustrine 
sediments. Native vegetation was water-tolerant 
grasses. Slopes range from 0 to 2 percent. 

Typical pedon of Spicer silty clay loam, 0 to 2 
percent slopes, in a cultivated field; 2,380 feet north 
and 460 feet west of the southeast corner of sec. 20, T. 
97 N., R. 24 W. 


Ap—0 to 10 inches; black (N 2/0) silty clay loam (about 
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34 percent clay), very dark gray (10YR 3/1) dry; 
weak fine granular structure; friable; few fine roots; 
strong effervescence; mildly alkaline; clear smooth 
boundary. 

A—10 to 19 inches; black (N 2/0) silty clay loam (about 
35 percent clay), very dark gray (10YR 3/1) dry; few 
fine distinct olive (5Y 5/3) mottles in lower part; 
weak very fine and fine granular structure; friable; 
few fine roots; strong effervescence; mildly alkaline; 
clear smooth boundary. 

BA—19 to 24 inches; olive gray (5Y 4/2) silty clay loam 
(about 30 percent clay}; some mixing of black 
(10YR 2/1) subsurface material; very dark gray (5Y 
3/1) coatings on faces of peds; few fine faint olive 
(5Y 5/3) mottles; weak very fine and fine subangular 
blocky structure; friable; few fine roots; strong 
effervescence; mildly alkaline; clear smooth 
boundary. 

Bg—24 to 32 inches; olive gray (5Y 5/2) silt loam (about 
21 percent clay); some mixing of very dark gray (5Y 
3/1) and olive gray (5Y 4/2) upper subsoil material; 
few fine prominent dark yellowish brown (10YR 4/6) 
mottles; weak very fine and fine subangular blocky 
structure; friable; strong effervescence; mildly 
alkaline; gradual smooth boundary. 

BCg—32 to 40 inches; olive gray (5Y 5/2) silt loam 
(about 23 percent clay); few fine faint olive (5Y 5/3) 
and few fine prominent strong brown (7.5YR 5/6) 
mottles; weak fine prismatic structure parting to 
weak medium subangular blocky; friable; common 
tubular pores; few dark concretions (iron and 
manganese oxides); strong effervescence; mildly 
alkaline; gradual smooth boundary. 

Cg—40 to 60 inches; mottled olive gray (5Y 5/2) and 
strong brown (7.5YR 5/6 and 5/8) silt loam (about 
18 percent clay); massive; friable; common tubular 
pores; few dark concretions (iron and manganese 
oxides); few soft accumulations (calcium 
carbonate); strong effervescence; mildly alkaline. 


The solum ranges from 18 to 48 inches in thickness. 
The mollic epipedon ranges from 12 to 24 inches in 
thickness. 

The A horizon is neutral in hue or has hue of 10YR, 
value of 2 or 3, and chroma of 0 or 1. It typically is silty 
clay loam but in some pedons is silt loam. The Bg 
horizon has hue of 2.5Y or 5Y, value of 4 or 5, and 
chroma of 1 or 2. The Cg horizon has hue of 2.5Y or 
5Y, value of 5 or 6, and chroma of 1 or 2. 


Spillville Series 
The Spillville series consists of moderately well 
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drained, moderately permeable soils in upland foot 
slope positions. These soils formed in loamy alluvium. 
Native vegetation was tall prairie grasses. Slopes range 
from 2 to 5 percent. 

Typical pedon of Spillville loam, 2 to 5 percent 
slopes, in a cultivated field; 620 feet west and 320 feet 
south of the northeast corner of sec. 23, T. 94 N., R. 25 
W. 


Ap— to 7 inches; black (10YR 2/1) loam (about 24 
percent clay), very dark gray (10YR 391) dry; weak 
fine and medium granular structure; friable; common 
fine roots; neutral; abrupt smooth boundary. 

A1—T to 21 inches; black (10YR 2/1) loam (about 26 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine subangular blocky structure parting to weak 
medium granular; friable; few fine roots; medium 
acid; gradual smooth boundary. 

A2—21 to 36 inches; black (10YR 2/1) toam (about 23 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine subangular blocky structure; friable; few fine 
roots; medium acid; gradual smooth boundary. 

A3—36 to 48 inches; black (10YR 2/1) loam (about 23 
percent clay), dark gray (10YR 4/1) dry; weak very 
fine prismatic structure parting to weak fine and 
medium subangular blocky; friable; slightly acid; 
clear smooth boundary. 

AC—48 to 60 inches; very dark grayish brown (10YR 
3/2) loam (about 23 percent clay), grayish brown 
(10YR 5/2) dry; very dark gray (10YR 3/1) coatings 
on faces of peds; common fine faint dark brown 
(10YR 3/3) mottles; weak fine prismatic structure; 
friable; neutral. 


The solum generally ranges from 30 to 60 inches in 
thickness. The depth of the mollic epipedon extends to 
60 inches. 

The A horizon has value of 2 or 3 and chroma of 1 or 
2. 


Storden Series 


The Storden series consists of well drained, 
moderately permeable soils on convex knolls and side 
slopes on uplands. These soils formed in calcareous 
glacial till. Native vegetation was tall prairie grasses. 
Slopes range from 5 to 25 percent. 

Typical pedon of Storden clay loam, 14 to 18 percent 
slopes, moderately eroded, in a cultivated field; 2,150 
feet east and 180 feet south of the northwest corner of 
sec. 13, T. 97 N., R. 25 W. 


Ap—0 to 7 inches; dark grayish brown (10YR 4/2) clay 
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loam (about 29 percent clay), light brownish gray 
(10YR 6/2) dry; mixed with some streaks and 
pockets of yellowish brown (10YR 5/4) substratum 
material; weak fine subangular blocky structure; 
friable; few fine roots; strong effervescence; 
moderately alkaline; clear smooth boundary. 

C1—7 to 14 inches; yellowish brown (10YR 5/4) clay 
loam (about 27 percent clay); massive; friable; few 
fine roots; few dark concretions (iron oxides); few 
soft accumulations (calcium carbonate); strong 
effervescence; moderately alkaline; gradual smooth 
boundary. 

C2—14 to 26 inches: yellowish brown (10YR 5/4) clay 
loam (about 28 percent clay); massive; friable; few 
fine roots; few dark concretions (iron and 
manganese oxides); common soft accumulations 
(calcium carbonate); strong effervescence; 
moderately alkaline; gradual smooth boundary. 

C3— 26 to 42 inches; light olive brown (2.5Y 5/4) clay 
loam (about 27 percent clay); common fine and 
medium prominent strong brown (7.5YR 5/6), 
common fine faint grayish brown (2.5Y 5/2), and 
few fine faint olive brown (2.5Y 4/4) mottles; 
massive; friable; few fine roots; common dark 
concretions (iron and manganese oxides); many 
soft accumulations (calcium carbonate); few fine 
and medium shale fragments; strong effervescence; 
moderately alkaline; gradual smooth boundary. 

C4—-42 to 60 inches; light olive brown (2.5Y 5/4) clay 
loam (about 30 percent clay); common fine faint 
grayish brown (2.5Y 5/2), few fine faint olive brown 
(2.5Y 4/4), and common fine prominent strong 
brown (7.5YR 4/6) mottles; massive; friable: 
common dark concretions (iron and manganese 
oxides); common soft accumulations (calcium 
carbonate); few fine shale fragments; strong 
effervescence; moderately alkaline. 


The thickness of the solum generally is the same as 
the thickness of the A horizon and ranges from 7 to 10 
inches. 

The A horizon has value of 4 or 5 and chroma of 2 or 
3. The C horizon has value of 5 or 6 and chroma of 2 to 
6. 


Sunburg Series 


The Sunburg series consists of well drained, 
moderately rapidly permeable soils on convex knolls 
and side slopes on uplands. These soils formed in 
calcareous glacial till. Native vegetation was tall prairie 
grasses. Slopes range from 2 to 25 percent. 
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Typical pedon of Sunburg sandy loam, 14 to 18 
percent slopes, moderately eroded, in a cultivated field; 
2,150 feet east and 200 feet north of the center of sec. 
1, T. 94 N., R. 23 W. 


Ap—0 to 7 inches; brown (10YR 4/3) and dark brown 
(10YR 3/3) sandy loam (17 percent clay), pale 
brown (10YR 623) dry; mixed with some streaks and 
pockets of brown (10YR 5/3) substratum material: 
weak fine subangular blocky structure parting to 
weak fine granular; friable; few fine roots; strong 
effervescence; moderately alkaline; abrupt smooth 
boundary. 

C1—7 to 18 inches; brown (10YR 5/3) sandy loam (16 
percent clay); massive; very friable; few fine soft 
accumulations (calcium carbonate); strong 
effervescence; moderately alkaline; gradual smooth 
boundary. 

C2—18 to 36 inches; light olive brown (2.5Y 5/4) sandy 
loam (13 percent clay); many medium prominent 
yellowish red (5YR 4/6) and common fine prominent 
yellowish brown (10YR 5/6) mottles; massive; very 
friable; common fine soft accumulations (calcium 
carbonate); strong effervescence; moderately 
alkaline; gradual smooth boundary. 

C3—36 to 60 inches; light olive brown (2.5Y 5/4) sandy 
loam (11 percent clay); few fine prominent strong 
brown (7.5YR 4/6) mottles; massive; very friable; 
few fine soft accumulations (calcium carbonate); 
strong effervescence; moderately alkaline. 


The thickness of the solum generally is the same as 
the thickness of the A horizon and ranges from 6 to 10 
inches. 

The A horizon has chroma of 1 to 3. It is sandy loam 
or loam. The C horizon has value of 4 to 6 and chroma 
of 3 or 4. 


Truman Series 


The Truman series, stratified substratum, consists of 
well drained, moderately permeable soils on convex 
slopes on uplands and on stream terraces. These soils 
formed in glacial till sediments overlying glacial 
outwash. Native vegetation was tall prairie grasses. 
Slopes range from O to 5 percent. 

Typical pedon of Truman silty clay loam, stratified 
substratum, 0 to 2 percent slopes, in a cultivated field; 
1,540 feet south and 1,960 feet east of the northwest 
corner of sec. 27, T. 97 N., R. 23 W. 


Ap—0O to 9 inches; black (10YR 2/1) silty clay loam 
(about 28 percent clay), dark gray (10YR 4/1) dry; 
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weak fine granular structure; friable; few fine roots; 
neutral; abrupt smooth boundary. 

A1—9 to 15 inches; black (10YR 2/1) silty clay loam 
(about 30 percent clay), dark gray (10YR 4/1) dry; 
weak fine granular structure; friable; few fine roots; 
neutral; clear smooth boundary. 

A2—15 to 22 inches; very dark gray (10YR 3/1) and 
very dark grayish brown (10YR 3/2) silty clay loam 
(about 30 percent clay), dark gray (10YR 4/1) dry; 
some mixings in the lower part of brown (10YR 4/3) 
subsoil material; weak fine subangular blocky 
structure parting to weak fine granular; friable; few 
fine roots; slightly acid; clear smooth boundary. 

BA—22 to 27 inches; brown (10YR 4/3) silty clay loam 
(about 29 percent clay); some mixings of very dark 
gray (10YR 3/1) subsurface material; very dark 
grayish brown (10YR 3/2) coatings on faces of 
peds; weak fine subangular blocky structure; friable; 
few fine roots; slightly acid; gradual smooth 
boundary. 

Bw1—27 to 34 inches; dark yellowish brown (10YR 4/4) 
silty clay loam (about 32 percent clay); brown 
(10 YR 4/3) coatings on faces of peds; common fine 
faint yellowish brown (10YR 5/6) mottles; weak fine 
and medium blocky structure; friable; few fine light 
gray (10YR 7/2) silt coatings on faces of peds; few 
fine roots; slightly acid; gradual smooth boundary. 

Bw2—34 to 40 inches; dark yellowish brown (10YR 4/4) 
silty clay loam (about 28 percent clay); brown 
(10YR 4/3) coatings on faces of peds; few fine 
distinct gray (2.5Y 5/2) and common fine faint 
yellowish brown (10YR 5/6) mottles; weak medium 
subangular blocky structure; friable; common fine 
light gray (10YR 7/2) silt coatings on faces of peds; 
very few fine roots; slightly acid; common smooth 
boundary. 

2BC—40 to 50 inches; dark yellowish brown (10YR 4/4) 
loam (about 18 percent clay); few fine prominent 
yellowish red (SYR 4/6) and dark brown (7.5YR 
3/4), common fine distinct brown (7.5YR 4/4), and 
many fine distinct grayish brown (2.5Y 5/2) mottles; 
weak fine prismatic structure; friable; neutral; abrupt 
smooth boundary. 

2C—50 to 60 inches; brown (10YR 5/3) and dark 
yellowish brown (10YR 4/4) fine sandy loam (about 
12 percent clay); common medium distinct yellowish 
brown (10YR 5/6) and many medium distinct gray 
(2.5Y 5/2) mottles; massive; very friable; slightly 
acid. 


The solum ranges from 36 to 56 inches in thickness. 
The depth to stratified substratum material ranges from 


Soil Survey 


40 to 60 inches. The mollic epipedon ranges from 10 to 
24 inches in thickness. 

The A horizon has chroma of 1 or 2. The Bw horizon 
has value of 4 or 5 and chroma of 3 to 6. Texture of the 
2BC horizon typically is loam but ranges to silt loam. 
The 2C horizon has hue of 10YR or 2.5Y, value of 4 or 
5, and chroma of 2 to 6. Its texture generally is fine 
sandy loam and strata of fine sand, loamy fine sand, 
sandy clay loam, clay loam, loam, and silt loam. 


Vinje Series 


The Vinje series consists of well drained, moderately 
slowly permeable soils on convex knolls and side 
slopes on uplands. These soils formed in silty glacial 
lacustrine sediments cver glacial till. Native vegetation 
was tall prairie grasses. Slopes range from 2 to 9 
percent. 

Typical pedon of Vinje silty clay loam, 2 to 5 percent 
slopes, in a cultivated field; 2,500 feet north and 580 
feet east of the southwest corner of sec. 16, T. 95 N., 
R. 24 W. 


Ap—0 to 9 inches; black (10YR 2/1) silty clay loam 
(about 35 percent clay), very dark gray (10YR 3/1) 
dry; weak fine subangular blocky structure parting 
to weak fine granular; friable; few fine roots; neutral: 
abrupt smooth boundary. 

A—-9 to 15 inches; very dark brown (10YR 2/2) silty clay 
(about 43 percent clay), very dark grayish brown 
(10YR 3/2) dry; very dark gray (10YR 3/1) and very 
dark grayish brown (10YR 3/2) coatings on faces of 
peds; moderate very fine subangular blocky 
structure parting to moderate fine granular; friable; 
few fine roots; neutral; gradual smooth boundary. 

AB—15 to 20 inches; very dark grayish brown (10YR 
3/2) silty clay (about 41 percent clay), dark grayish 
brown (10YR 4/2) dry; some mixing of brown (10YR 
4/3) subsoil material; black (10YR 2/1) and very 
dark gray (10YR 3/1) coatings on faces of peds; 
moderate fine and very fine subangular blocky 
structure parting to some moderate fine granular; 
firm; slightly acid; gradual smooth boundary. 

Bt1—20 to 26 inches; brown (10YR 4/3) silty clay 
(about 42 percent clay); very dark grayish brown 
(10YA 3/2) organic coatings on faces of peds; weak 
fine prismatic structure; parting to moderate fine 
and very fine subangular blocky; firm; few faint dark 
brown (10YR 3/3) clay films on vertical faces of 
peds; slightly acid; gradual smooth boundary. 

B12—26 to 33 inches; brown (10YR 5/3) silty clay loam 
(about 39 percent clay); brown (10YR 4/3) coatings 
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on faces of peds; common fine distinct strong brown 
(7.5YR 4/6) and very dark grayish brown (2.5Y 4/2) 
mottles: weak fine prismatic structure parting to 
weak fine and very fine subangular blocky; firm; few 
fine tubular pores; few faint dark brown (10YR 3/3) 
clay films on vertical faces of peds; few black (10YR 
2/1) fills in root channels; slightly acid; gradual 
smooth boundary. 

Bt3—33 to 43 inches; light olive brown (2.5Y 5/4) silty 
clay loam (about 37 percent clay); brown (10YR 
4/3) coatings on faces of peds; few fine prominent 
strong brown (7.5YR 5/6), common fine prominent 
yellowish brown (10YR 5/6), and common fine faint 
grayish brown (2.5Y 5/2) mottles; weak fine 
prismatic structure parting to weak fine subangular 
blocky: firm; common fine tubular pores; few faint 
olive brown (2.5Y 4/4) clay films on vertical faces of 
peds; few dark concretions {iron and manganese 
oxides); neutral; clear smooth boundary. 

2BC—43 to 46 inches; light olive brown (2.5Y 5/4) clay 
loam (about 29 percent clay); dark grayish brown 
(2.5Y 4/2) coatings on faces of peds, common fine 
faint olive brown (2.5Y 4/4) and common medium 
distinct dark yellowish brown (10YR 4/6) mottles; 
weak medium prismatic structure; friable; few faint 
dark grayish brown (2.5Y 4/2) clay films on peds; 
few black (10YR 2/1) root fills; few dark concretions 
(iron and manganese oxides); neutral, gradual 
smooth boundary. 

2C—46 to 60 inches; mottled light olive brown (2.5Y 
5/4) and grayish brown (2.5Y 5/2) loam (about 23 
percent clay); common medium prominent brown 
(7.5YR 4/4) and common fine prominent yellowish 
brown (10YR 5/6) mottles; massive; friable; few 
dark concretions (iron and manganese oxides); few 
soft accumulations (calcium carbonate); slight 
effervescence; mildly alkaline. 


The solum ranges from 30 to 60 inches in thickness. 
The mollic epipedon ranges from 10 to 24 inches in 
thickness. 

The A horizon has value of 2 or 3 and chroma of 1 or 
2. The Bt horizon has value of 4 or 5 and chroma of 3 
or 4 in the upper part and has hue of 10YR or 2.5Y in 
the lower part. The 2BC and 2C horizons have hue of 
10YR or 2.5Y, value of 4 or 5, and chroma of 2 to 4. 
The 2C horizon is loam, but its texture ranges to clay 
loam. 

The Vinje soils in map unit 787C2 are taxadjuncts to 
the Vinje series because it does not have a mollic 
epipedon, which is definitive for the Vinje series. 
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Wacousta Series 


The Wacousta series consists of very poorly drained, 
moderately permeable soils in upland depressions. 
These soils formed in silty lacustrine sediments. Native 
vegetation was water-tolerant grasses. Slopes range 
from 0 to 1 percent. 

Typical pedon of Wacousta silty clay loam, O to 1 
percent slopes, in a cultivated field; 140 feet north and 
800 feet east of the southwest corner of sec. 17, T. 95 
N., R. 23 W. 


Ap—0 to 9 inches; black (10YR 2/1) silty clay loam 
(about 35 percent clay), very dark gray (10YR 3/1) 
dry; weak fine granular structure; friable; mildly 
alkaline; abrupt smooth boundary. 

A—9 to 15 inches; black (10YR 2/1) silty clay loam 
(about 33 percent clay), dark gray (10YR 4/1) dry; 
some mixing of olive gray (5Y 5/2) subsoil material; 
common medium distinct light olive brown (2.5Y 
5/4) mottles; weak fine granular structure; friable; 
mildly alkaline; abrupt smooth boundary. 

Bg—15 to 24 inches; olive gray (5Y 5/2) silty clay loam 
(about 29 percent clay); common fine prominent 
dark yellowish brown (10YR 4/6) and common 
medium distinct light olive brown (2.5Y 5/6) mottles; 
weak medium subangular blocky structure; friable; 
few very dark gray (10YR 3/1) root fills; slight 
effervescence; mildly alkaline; clear smooth 
boundary. 

Cg—24 to 60 inches; olive gray (5Y 5/2) silt loam 
(about 25 percent clay); many medium prominent 
dark yellowish brown (10YR 4/6) and common fine 
prominent strong brown (7.5YR 5/6) mottles; 
massive; friable; few soft accumulations (calcium 
carbonate); strong effervescence; mildly alkaline. 


The solum ranges from 10 to 24 inches in thickness. 
The mollic epipedon ranges from 8 to 18 inches in 
thickness. The depth to free carbonates ranges from 
about 12 to 20 inches. 

The A horizon is neutral in hue or has hue of 10YR 
and chroma of 0 or 1. It is silt loam or silty clay loam. 
The Bg horizon has value of 4 to 6 and chroma of 1 or 
2. It is silty clay loam or, less commonly, silt loam. The 
Cg horizon has value of 5 or 6 and chroma of 1 or 2. 


Wadena Series 


The Wadena series consists of well drained soils in 
upland outwash areas and stream terraces. These soils 
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formed in loamy glacial outwash overlying sand and 
gravel. Native vegetation was tall prairie grasses. 
Permeability is moderate in the solum and very rapid in 
the underlying sand and gravel. Slopes range from 0 to 
5 percent. 

Typical pedon of Wadena loam, 32 to 40 inches to 
sand and gravel, 0 to 2 percent slopes, in a cultivated 
field; 2,340 feet west and 140 feet south of the 
northeast corner of sec. 19, T. 97 N., R. 24 W. 


Ap—O to 10 inches; black (10YR 2/1) loam (about 24 
percent clay), dark grayish brown (10YR 4/2) dry; 
weak fine granular structure; friable; few fine roots; 
slightly acid; clear smooth boundary. 

AB—10 to 18 inches; black (10YR 2/1) and very dark 
grayish brown (10YR 3/2) loam (about 25 percent 
clay). dark grayish brown (10YR 4/2) dry; some 
mixing of brown (10YR 4/3) subsoil material; weak 
fine subangular blocky structure: friable; few fine 
roots; slightly acid; clear smooth boundary. 

Bw1—18 to 23 inches; brown (10YR 4/3) loam (about 
25 percent clay); few dark brown (10YR 3/3) and 
very dark grayish brown (10YR 3/2) coatings on 
faces of peds; weak fine subangular blocky 
structure; friable; few fine roots; slightly acid: 
gradual smooth boundary. 

Bw2—23 to 33 inches; brown (10YR 4/3) and dark 
yellowish brown (10YR 4/4) loam (26 percent clay); 
weak fine subangular blocky structure; friable: 
slightly acid; abrupt smooth boundary. 

2C—33 to 60 inches; yellowish brown (10YR 5/4) and 
brown (10YR 4/3) gravelly coarse sand (about 5 
percent clay); single grained; loose; about 25 
percent fine and medium gravel; slight 
effervescence; mildly alkaline. 


The solum ranges from 24 to 40 inches in thickness. 
The depth to carbonates ranges from 30 to 50 inches. 
The mollic epipedon ranges from 10 to 20 inches in 
thickness. 

The A horizon has value of 2 or 3 and chroma of 1 or 
2. It dominantly is loam but includes clay loam. The Bw 
horizon has hue of 10YR or 7.5YR, value of 3 to 5, and 
chroma of 3 or 4. It typically is loam, although in some 
pedons it is sandy loam or sandy clay loam in the lower 
part. The 2C horizon has hue of 10YH or 7.5YR, value 
of 4 to 6, and chroma of 2 to 4. It is coarse sand or 
sand or their gravelly or very gravelly analogs. 


Waldorf Series 


The Waldorf series consists of poorly drained, 


Soil Survey 


moderately slowly permeable soils on nearly level or 
slightly concave slopes on uplands. These soils formed 
in lacustrine sediments. Native vegetation was water- 
tolerant prairie grasses. Slopes range from 0 to 2 
percent. 

Typical pedon of Waldorf silty clay, 0 to 2 percent 
slopes, in a cultivated field; 2,000 feet north and 24 feet 
east of the southwest corner of sec. 15, T. 96 N., R. 24 
W. 


Ap—0 to 8 inches; black (N 2/0) silty clay (about 41 
percent clay), very dark gray (10YR 3/1) dry; 
moderate very fine subangular blocky structure: 
firm; common fine roots; neutral; abrupt smooth 
boundary. 

A—8 to 15 inches; black (N 2/0) silty clay (about 43 
percent clay), very dark gray (10YR 3/1) dry; 
moderate very fine and fine subangular blocky 
structure; firm; few fine roots; neutral; gradual 
smooth boundary. 

AB—15 to 21 inches; very dark gray (5Y 3/1) silty clay 
(about 44 percent clay); black (10YR 2/1) coatings 
on faces of peds; dark gray (10YR 4/1) dry; few fine 
faint dark olive gray (5Y 3/2) mottles; moderate very 
fine and fine subangular blocky structure; firm; few 
fine roots; neutral; clear smooth boundary. 

Bg1—21 to 28 inches; olive gray (5Y 4/2) silty clay 
(about 42 percent clay); very dark gray (5Y 3/1) 
coatings on faces of peds; few fine distinct olive 
brown (2.5Y 4/4) and few fine prominent strong 
brown (7.5 YR 5/8) mottles; moderate fine prismatic 
Structure parting to moderate very fine and fine 
subangular blocky; firm; few fine roots; neutral; 
gradual smooth boundary. 

Bg2—28 to 37 inches; olive gray (5Y 5/2) silty clay 
(about 41 percent clay); few olive gray (5Y 4/2) 
coatings on faces of peds; common fine prominent 
yellowish brown (10YR 5/6) and few fine prominent 
strong brown (7.5 YR 5/8) mottles; moderate 
medium prismatic structure parting to very fine and 
fine subangular blocky; firm; few fine roots; neutral; 
abrupt smooth boundary. 

C—37 to 60 inches; olive gray (5Y 5/2) silty clay loam 
(about 34 percent clay); common medium prominent 
strong brown (7.5YR 5/8) mottles; massive; friable; 
few fine tubular pores; few fine rounded 
accumulations (calcium carbonate); strong 
effervescence; mildly alkaline. 


The solum ranges from 26 to 48 inches in thickness. 
The depth to free carbonates ranges from 26 to 55 
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inches. The mollic epipedon ranges from 16 to 24 
inches in thickness. 

The A horizon is neutral in hue or has hue of 10YR 
to 5Y, value of 2 or 3, and chroma of 0 or 1. The Bg 
horizon has hue of 2.5Y or 5Y and chroma of 1 or 2. 
The C horizon has hue of 2.5Y or 5Y, value of 5 or 6, 
and chroma of 1 or 2. 


Webster Series 


The Webster series consists of poorly drained, 
moderately permeable soils on nearly level or slightly 
concave slopes on uplands. These soils formed in 
glacial till-derived sediments or glacial till. Native 
vegetation was water-tolerant grasses. Slopes range 
from 0 to 2 percent. 

Typical pedon of Webster clay loam, 0 to 2 percent 
slopes, in a cultivated field; 70 feet east and 450 feet 
south of the northwest corner of sec. 26, T. 97 N., R. 26 
W. 


Ap—O to 9 inches; black (N 2/0) clay loam (about 30 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine and very fine granular structure; friable; 
common fine roots; neutral; abrupt smooth 
boundary. 

A—9 to 16 inches; black (N 2/0) clay loam (about 31 
percent clay), very dark gray (10YR 3/1) dry; weak 
fine and very fine subangular blocky structure; 
friable: few fine roots; neutral; clear smooth 
boundary. 

AB—16 to 21 inches; black (10YR 2/1) clay loam (about 
33 percent clay); with olive gray (5Y 5/2) mixings; 
few fine distinct olive gray (5Y 4/2) mottles; weak 
fine subangular blocky structure; friable; few fine 
roots; neutral; clear smooth boundary. 

Bg1—21 to 28 inches; olive gray (5Y 5/2) and dark gray 
(5Y 4/1) clay loam (about 34 percent clay); common 
medium faint olive (5Y 5/3) mottles; weak medium 
prismatic structure parting to weak fine and very 
fine subangular blocky; friable; few black (N 2/0) fills 
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in root channels; few dark concretions (iron oxides); 
neutral; gradual smooth boundary. 

Bg2—28 to 32 inches; olive gray (5Y 5/2) clay loam 
(about 28 percent clay); few fine prominent strong 
brown (7.5YH 5/8) and common medium faint olive 
(5Y 5/3) mottles; weak medium prismatic structure 
parting to weak medium subangular blocky; friable; 
few dark concretions (iron and manganese oxides); 
neutral; clear smooth boundary. 

BCg—32 to 42 inches; olive gray (5Y 5/2) loam (about 
25 percent clay); common fine prominent yellowish 
brown (10YR 5/8) and light olive brown (2.5Y 5/6) 
mottles; weak medium prismatic structure parting to 
weak medium subangular blocky; friable; few fine 
tubular pores; few dark concretions (iron and 
manganese oxides); few soft accumulations 
(calcium carbonate); strong effervescence; mildly 
alkaline; gradual smooth boundary. 

Cg—42 to 60 inches; olive gray (5Y 5/2) loam (about 22 
percent clay); many fine prominent yellowish brown 
(10YR 5/8) mottles; massive; friable; few fine 
tubular pores; common dark concretions (iron and 
manganese oxides); few soft accumulations 
(calcium carbonate); strong effervescence; mildly 
alkaline. 


The thickness of the solum typically ranges from 30 
to 42 inches but in some pedons is as much as 50 
inches. The depth to free carbonates is the same as the 
thickness of the solum. The mollic epipedon ranges 
from 14 to 20 inches in thickness. 

The A horizon is neutral in hue or has hue of 10YR 
and chroma of 0 or 1. It is clay loam but includes silty 
clay loam. The Bg horizon has hue of 5Y or 2.5Y, value 
of 4 or 5, and chroma of 1 or 2. Texture in the Bg 
horizon is clay loam or silty clay loam. The BC horizon 
is loam but includes clay loam. The C horizon has 
colors similar to those of the B horizon, although in 
some pedons the value is as high as 6 and the chroma 
is 3. 


Formation of the Soils 
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In this section, the factors that have affected the 
formation of soils in Hancock County are described and 
the processes of horizon differentiation are explained. 


Factors of Soil Formation 


Soil forms through processes that act on deposited 
or accumulated geologic material. The characteristics of 
the soil at any given point are determined by the 
physical and mineralogical composition of the parent 
material; the climate under which the soil material has 
accumulated and existed since accumulation; the plant 
and animal life, including human activities, on and in the 
soil; the relief, or lay of the land; and the length of time 
that the forces of soil formation have acted on the soil 
material (11). 

The active factors of soil formation are climate and 
plant and animal life. These factors act on the parent 
material and slowly change it into a natural body that 
has genetically related horizons. Relief conditions the 
effects of plant and animal life. The parent material 
affects the kind of soil profile that forms and in extreme 
cases determines it almost entirely. Finally, time is 
needed for a soil to form in the parent material. Some 
time is always needed for the differentiation of soil 
horizons. 

The factors of soil formation are so closely 
interrelated in their effects on the soil that few 
generalizations can be made regarding the effects of 
any one factor unless conditions are specified for the 
others. 


Parent Material 


The accumulation of parent material is the first step 
in the formation of a soil. The soils of Hancock County 
formed in material that was transported from the site of 
the parent rock and redeposited at a new location 
through the actions of glacial ice, water, wind, and 
gravity. 

The parent materials in the county are glacial till, 
glacial outwash, alluvium, organic deposits, wind- or 
water-deposited sandy material, and glaciolacustrine 


sediment. The bedrock beneath these materials has 
been buried so deeply that it has had no influence on 
the soils. The glacial drift is as thick as 225 feet in the 
northwestern part of the county and is as thin as 30 feet 
southwest of Garner (17). The bedrock topography 
ranges from about 1,050 feet above mean sea level in 
the western part of the county to about 1,150 feet in the 
eastern part (7). 

Glacial till is unsorted sediment in which particles 
range in size from clay to boulders. It is the most 
important parent material in the county. The earliest 
glaciations in lowa began sometime before 2.2 million 
years ago (4, 5, 6, 7). The county was probably 
glaciated several times during the earliest pre-lllinoian 
stages (7). But later glacial erosion either has removed 
younger deposits or has deeply buried these earlier 
glacial materials. 

Glacial deposits of the youngest glacial stage, the 
Wisconsinan, make up most of the surface and near- 
surface parent material in the uplands. These deposits 
are from the Des Moines Lobe of the continental ice 
sheet approximately 12,000 to 14,000 years ago (13, 
20). The upland topography and parent materials vary 
throughout the county as a result of this glaciation. A 
broad belt of hummocky topography in the Altamont 
Moraine complex extends through the central part of the 
county generally paralleling U.S. Highway 69 to the 
west. Similar hummocky topography of the Algona 
Moraine complex passes through the northwestern part 
of the county. A small part of the Altamont Moraine juts 
off to the west, near Forest City, merging with the 
Algona Moraine southeast of Crystal Lake. 

The hummocky topography of these end moraines 
formed primarily through supraglacial deposition (72). 
As a result, the parent material in the uplands varies 
locally. Most areas are dominated by glacial till, but 
some contain fine textured, glaciolacustrine sediments, 
and a few areas contain sandier sediments. The till is a 
heterogeneous mixture, indicating its glacial origin, and 
shows little evidence of sorting or stratification. The 
glaciolacustrine sediments are more homogeneous in 
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nature, generally lack coarse fragments, are low in 
sand, and are noticeably stratified. Clarion, Lester, 
Nicollet, and Storden soils formed in glacial till. 
Estherville and Salida soils formed in sandy deposits. 
Collinwood, Vinje, and Waldorf soils formed in 
glaciolacustrine sediments. 

To the west of the Algona and Altamont Moraines, as 
well as in the east-central part of the county, the 
uplands generally have a low-relief topography of swells 
and swales. Clarion and Nicollet soils are the major 
soils that formed in glacial till on these uplands. 

Outwash deposited by glacial meltwater streams is 
an important geologic deposit in the county. Sand and 
gravel are deposited along the margin of the Algona 
and Altamont Moraines (20). The most extensive 
deposits are southwest of Forest City and south of 
Crystal Lake. Other deposits are associated with the 
Algona Moraine near Hutchins. Similar deposits of 
lesser extent and depth are in scattered areas in other 
parts of the county, in some instances adjacent to 
smaller streams. Biscay, Estherville, Harcot, Linder, 
Mayer, Ridgeport, and Wadena soils formed in outwash 
material. 

Alluvium is sediment that has been deposited along 
major and minor streams and drainageways and at the 
base of steep slopes. It varies in texture because of the 
differences in the source material and in the manner in 
which it was deposited. In Hancock County, the main 
source of alluvium is glacial till. 

Some of the alluvial material has been transported 
only short distances. This material is called local 
alluvium or colluvium. It retains many of the 
characteristics of the soils from which it was washed. 
The sloping Spillville soils, for example, are at the base 
of slopes below soils that formed in glacial till. 

Coland soils are of greatest extent along most rivers 
and streams in Hancock County. Coarser textured 
alluvium sometimes occurs as narrow bands in 
scattered areas adjacent to a river or stream. These 
areas are too small to be separated in mapping. In 
some places along the lowa River, Calco soils 
intermingle with Coland soils on the flood plain. 

Organic material accumulated in old lakebeds or 
swamps that supported a heavy growth of aquatic 
plants and other vegetation that grew under excessively 
wet conditions. The vegetation partly decomposed and 
accumulated in fairly thick beds under water. In places 
the deposits may be as deep as 20 feet. Glacial till or 
finer textured local alluvium generally underlies the 
organic material. In places layers of mineral soil 
material separate layers of organic material. Adrian, 
Blue Earth, Houghton, Muskego, and Palms soils 
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formed in organic material. In Blue Earth and Muskego 
soils, the organic material has been modified by aquatic 
animal life. 

Wind- or water-deposited sandy material in Hancock 
County probably was deposited mainly by water. In 
most areas, however, wind has partially reworked these 
deposits. Bolan and Dickman soils formed in these 
deposits. 

Glaciolacustrine sediment, which is dominantly fine 
textured, is the parent material of a number of soils in 
the county. Glaciolacustrine sediments formed in lakes 
on the glacial surface and caps various circular-shaped 
knobs of the Altamont Moraine complex (13). Thickness 
of the sediments on the circular-shaped knobs ranges 
from 3 to more than 9 feet. Collinwood, Kamrar, 
Kilkenny, and Vinje soils formed in areas where this 
sediment mantles knobs or hummocks. 

Glaciolacustrine sediments were also deposited in 
swales between the knobs of the Altamont Moraine 
complex. These deposits formed in shallow lakes and 
marshes, which have now been drained. The deposits 
typically are 8 to 10 feet thick but may be as much as 
20 feet thick. Even though they are fine textured, they 
are noticeably stratified. Waldorf soils formed in the 
lacustrine sediments. 

The fine textured soils of this topography exhibit a 
consistent two-fold stratigraphy. The upper part is 
massive, fine textured material in which madern soils 
formed. The lower part is a thin layer of stratified sand 
that most generally has a pebble band. Glacial till and 
other glacial deposits underlie the glaciolacustrine 
sediments. 

A large area surrounding the town of Goodell does 
not have the familiar knobby topography that is common 
to the topography of the Altamont Moraine complex. 
This area characteristically is low in relief and is 
mantled with a nearly continuous layer of lacustrine 
sediments. The lacustrine sediments range from 24 to 
48 inches in thickness and overlie glacial till. The soils 
of this region exhibit similar internal soil characteristics 
as those glaciolacustrine soils found in other parts of 
the county. Bode, Kossuth, and Ottosen soils are the 
dominant soils in this area. 


Climate 


Hancock County has a midcontinental, subhumid 
climate. The southern part of the county has a slightly 
longer growing season, and receives more rainfall than 
the northern part (25). 

Climate influences the formation of soils in many 
ways. Rainfall affects the extent of leaching in soils, and 
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helps to determine the kind of vegetation that grows on 
the soils. Temperature affects the growth of plants, the 
activity of micro-organisms, and the rate of chemical 
actions in the soils. Temperature and moisture 
conditions affect the rate at which parent material 
weathers. The amount and seasonal distribution of 
precipitation help to determine the depth to which 
calcium carbonates, other soluble minerals, and clay 
are moved downward through the soil and the rate of 
erosion. Precipitation also affects the depth to the water 
table in poorly drained and somewhat poorly drained 
soils. The depth to the water table, in turn, affects the 
depth of development in the subsoil. In areas where the 
water table is near the surface most of the year, the 
subsoil does not develop to so great a depth as the 
subsoil in areas where the water table is lower. 

Soils form more rapidly in a warm climate than in a 
cold climate. They also form more rapidly in a wet 
climate than in a dry climate. Except for climatic 
differences resulting from topography, the soils in 
Hancock County formed under about the same climate. 
The climate has not been the same, however, during 
the entire period of soil formation. 

The formation of the soils in Hancock County began 
about 13,000 years ago, after the glaciation in lowa 
ended and a warming trend began (22). The climate in 
northern lowa since that time has varied considerably 
(3. 32). From before 13,000 to about 11,000 years ago, 
the climate was cool and the vegetation was dominantly 
a coniferous forest of spruce. As the climate warmed, 
deciduous vegetation invaded and persisted until about 
9,000 years ago. After this time, the climate became 
warmer and drier. Prairie vegetation became dominant 
in lowa by about 8,000 years ago. During the past 
8,000 years, the climate has fluctuated to a minor 
extent. During some periods it was similar to the 
present climate, and during other periods it was warmer 
and drier. During the past 3,000 years, it has been 
generally similar to the present climate (74). 

The climate in the part of Hancock County northeast 
of the Winnebago River has been conducive to mixed 
prairie grasses and deciduous forest. In this part of the 
county, numerous large depressions or bogs that were 
not drained until recent times helped to provide a more 
humid environment, which favored deciduous trees. 
Along with the Winnebago River, they also tended to 
impede prairie fires, which would have hindered or 
prevented the growth of trees. 

In the rest of the county, most of the soils do not 
have characteristics indicating that they were ever 
forested. Evidently, the rapid geologic erosion that 
accompanied major climatic changes removed the soils 
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that formed under forest vegetation. Therefore, the soil 
landscapes generally are less than 8,000 years old. 
Most of the soil features relating to the prairie 
environment have developed during the last 3,000 years 
of relative erosional landscape stability (32). Clarion, 
Nicollet, Okoboji, Webster, and other soils formed under 
prairie vegetation. 

The effect of climate on soils is modified by local 
conditions, such as relief. For example, the 
microclimate in areas of the low-lying, poorly drained 
Canisteo and Webster soils is cooler and wetter than 
that in areas of the well drained adjacent soils, such as 
Clarion. The microclimate in areas of Storden and other 
soils on the steeper slopes is drier than that in areas of 
the adjacent Clarion soils on gentle slopes. South- and 
west-facing slopes generally are slightly warmer and 
less humid than nearby areas. These variations account 
for some of the differences among soils within the same 
general climatic region. Partly because of these 
microclimatic conditions, areas in the northeastern part 
of the county and areas adjacent to Eagle Lake and 
Crystal Lake support native trees. 


Plant and Animal! Life 


Vegetation and animal life are important factors of 
soil formation. Vegetation is especially important. Many 
changes in vegetation took place in Hancock County 
during the postglacial period. Forest vegetation 
dominated by spruce grew on the soils until about 
11,000 years ago. It was followed by deciduous forest, 
which lasted until about 9,000 years ago. Then, prairie 
vegetation began to dominate (3, 32). For the past 
8,000 years, the soils have been influenced by both 
prairie grasses and deciduous trees. Big bluestem and 
little bluestem probably were the main prairie grasses. 
The main trees were oak, hickory, ash, elm, and maple. 

Variations in the kinds of vegetation commonly cause 
marked differences among soils (16). As plants grow 
and die, their remains are added to the soil. Burrowing 
animals, earthworms, bacteria, protozoa, other 
microbes, and fungi help to convert these plant remains 
into organic matter. Many kinds of micro-organisms are 
needed to transform organic remains into stable humus 
from which plants can obtain nutrients. Humus gives the 
surface soil its dark color. 

Large burrowing animals, such as badgers, foxes, 
and pocket gophers, significantly affect soil formation in 
small areas. Small animals, such as earthworms, also 
influence soil formation. They move up and down in 
soils as the soil moisture and temperature change. In 
many soils in the county, earthworms have moved 
material from one horizon to another. 
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Because grasses have many roots and tops that 
decay on or below the surface, soils that formed under 
prairie vegetation have a thick, dark surface layer. in 
contrast. soils that formed under trees and grass have a 
somewhat thinner, lighter colored surface layer because 
the organic matter, derived partly from leaves, 
accumulated on the surface. 

Dark soils, such as Clarion, Nicollet, and Webster 
soils, formed more recently under prairie vegetation. 
Kilkenny and Lester soils formed under mixed grasses 
and timber and typically are lighter colored in the 
surface layer than Clarion, Nicollet, and Webster soils. 


Relief 


Relief is an important cause of differences among 
soils. It indirectly influences soil formation through its 
effect on drainage, runoff, and erosion. More water runs 
off the surface of the steeper areas, and less soaks into 
the soil. As a result, less leaching of carbonates occurs 
and less clay is moved from the surface layer into the 
subsoil. Also, the hazard of water erosion is more 
severe on the steeper slopes. Much of the acreage in 
Hancock County is nearly level to moderately sloping, 
but many areas are strongly sloping to steep. 

The topography in Hancock County is geologically 
immature, as is evidenced by a large number of small 
depressions or potholes, other depressions, and the 
lack of minor upland streams. The county has three 
main types of moraine topography. One type is a series 
of flat-topped, smooth-sided slopes that have many 
small depressions and an indistinct drainage pattern. 
This kind of topography generally has low relief. It is 
prevalent in most of the western part of the county as 
well as in the east-central part. Canisteo, Clarion, 
Nicollet, Okoboji, and Webster are the major soils on 
this topography. 

Another dominant kind of topography is along the 
lateral front of the Algona Moraine. It is in a belt, 2 to 4 
miles wide, that extends northeast to southwest through 
the town of Crystal Lake. It consists of high-relief 
hummocks or hills that have steep side slopes 
dissected to some extent by upland drainageways. 
Clarion and Sunburg soils are dominant in this area. 

The third type of topography is in the central part of 
the county paralleling U.S. Highway 69 to the west. It 
generally is hummocky and has high relief. The 
landscape is one of relatively broad, flat-topped 
hummocks and ridges that have low areas or swales 
between knobs. The low areas and swales commonly 
interconnect relatively large depressional areas of 
organic soils. Much of the acreage probably was an 
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area of ice-walled lakes at the time of glaciation (12). In 
this area, the soils formed in glaciolacustrine sediments. 
Examples are Collinwood, Kilkenny, Vinje, and Waldorf 
soils. 

Variations in relief are a major reason for the differing 
soil properties among some of the soils in the county. 
Topography affects the color, the thickness of the 
solum, and the horizon of the soils, as is evident in 
Clarion, Nicollet, and Sunburg soils, which formed in the 
same kind of parent material and under similar 
vegetation. These soils differ from each other because 
of variations in topography. The thickness and color of 
the surface layer and the thickness of the solum are 
related to the slope. The surface layer is thicker and 
darker in the less sloping areas. Sunburg soils typically 
are on the steepest slopes, Clarion soils are on the 
intermediate slopes, and Nicollet soils are in nearly 
level areas. The solum typically is thinnest in Sunburg 
soils and thickest in Clarion soils. 

Topography affects the color of the subsoil through 
its effect on drainage and soil aeration. A wel! drained 
soil generally has a brown subsoil because iron 
compounds are oxidized and well distributed throughout 
the horizon. The sloping Clarion soils are an example. 
On the other hand, soils in nearly level or depressional 
areas are wet and commonly have a gray or mottled 
subsoil because of poor aeration and restricted 
drainage. Webster soils are an example. 

Calco and Coland soils are on bottom land. Although 
they are nearly level, their microrelief affects runoff, the 
depth to the water table, and the rate at which they 
receive new sediment. 


Time 

Geologically, the soils in Hancock County are young. 
The radiocarbon technique for determining the age of 
carbonaceous material found in till has made it possible 
to determine the approximate age of soils and 
Pleistocene deposits in lowa. Published studies provide 
information about the age of soils in lowa (19, 20, 22). 

The radiocarbon technique indicates that the most 
recent Wisconsinan glaciation in north-central lowa 
occurred 14,000 to 12,000 years ago (7, 20, 21). The 
soils in Hancock County formed after this glaciation. 
Soil formation began at widely differing times, 
depending on the local landscape evolution. 

In much of lowa, including Hancock County, erosion 
has beveled the side slopes of uplands, and in places 
soil material has been removed and deposited on lower 
lying slopes (20, 22). This sediment accumulated as 
local alluvium on foot slopes. The sloping Spillville soils 
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formed in this alluvium. The uplands have an older 
surface on the summits than on the side slopes. The 
side slopes are less than 13,000 years old and in 
places less than 3,000 years old (32). 

Clarion, Storden, Sunburg, and other soils on side 
slopes are subject to geologic erosion, which continually 
exposes fresh material. As a result, the age of these 
soils ranges from that of the parent material to that of 
the most recent sediment. 

The soils that formed in glacial outwash on terraces, 
such as Linder and Ridgeport soils, are less than 
13.000 years old (20). The age of the soils that formed 
in alluvium ranges from that of the recently deposited 
material in areas of Spillville loam and Coland clay 
loam, channeled, to that of the slightly older sediment in 
areas of Coland clay loam. The older sediment is less 
than about 13,000 years old and probably is much 
younger. 


Human Activities 


Important changes have taken place in the soils 
since Hancock County was settled. Breaking the prairie 
sod and draining some of the many depressions and 
small lakes affected the protective cover. 

The most drastic changes are those caused by water 
erosion. Cultivation increases the runoff rate and thus 
the susceptibility to erosion, which removes topsoil, 
organic matter, and plant nutrients. Sheet or rill erosion, 
the most prevalent kind of erosion in the county, 
removes only a fraction of an inch at a time. Plowing 
and cultivation generally destroy the evidence of this 
loss. Over a period of years, however, much eroded soil 
is deposited on the lower slopes and foot slopes. The 
gently sloping Spillville soils formed in this eroded 
material. In other areas, shallow and deep gullies have 
formed. As the land was brought under cultivation, the 
runoff rate increased and the rate at which water moved 
into the soil decreased. As a result, accelerated erosion 
has removed part or all of the original surface layer 
from sloping soils in some areas (fig. 15). 

Erosion has changed not only the thickness of the 
surface layer but also its structure. In severely eroded 
areas the plow layer consists of the upper part of the 
subsoil mixed with the remaining surface layer or, in the 
Storden soils, the upper part of the substratum mixed 
with small amounts of the remaining surface layer. 

Erosion and cultivation also reduce the organic 
matter content, available water capacity, and fertility 
level of the soil. Even in areas that are not subject to 
erosion, compaction by heavy machinery reduces the 
thickness of the surface layer and alters the soil 
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structure. The granular structure so apparent in virgin 
grassland breaks down somewhat under intensive 
cropping. As a result, the surface becomes hard when 
dry. 

Erosion is one of the main reasons for the reduction 
of the organic matter content in soils. As much as a 
third of the organic matter, however, is lost through 
causes other than erosion (28). Cultivation and cropping 
reduce the content and in places redistribute the 
organic matter. Maintaining as high a content as was 
originally present under native grasses generally is not, 
feasible. The content should be high enough, however, 
to maintain crop production. 

On the other hand, human activities have increased 
the productivity of soils, decreased soil loss, and 
reclaimed areas that otherwise are not suitable for 
crops and pasture. Terraces and similar measures, for 
example, have slowed runoff and thus have helped to 
control erosion. Flooding has been controlled in areas 
where streams have been straightened and deepened 
and obstacles to floodwater have been removed. As a 
result of these measures, some areas along streams 
are better suited to cultivated crops. Drainage ditches 
have provided outlets for tile drains and drained 
depressions and small lakes. They have improved the 
suitability for most agricultural uses, but they have also 
destroyed the native habitat for some wildlife species. 
Applications of commercial fertilizer and lime have 
corrected deficiencies in plant nutrients, so that some 
soils are more productive than they were in their natural 
state. 


Processes of Horizon Differentiation 


Soil horizons are faintly or moderately expressed in 
most of the soils in Hancock County. Canisteo, 
Sunburg, and Webster soils have faint horizons; Clarion 
and Nicollet soils have intermediate horizons; and 
Kilkenny and Lester soils have somewhat more 
prominent horizons. Some soils have a marked 
difference in texture between the solum and an 
underlying 2C horizon. Examples are soils that formed 
in outwash, such as Mayer and Linder soils, and soils 
that formed in two kinds of parent material, such as 
Vinje soils. 

Horizon differentiation results from soil-forming 
processes. These processes are the accumulation of 
organic matter, leaching of calcium carbonates and 
other bases, the accumulation of calcium carbonates, 
the formation and translocation of silicate clay minerals, 
and the reduction and transfer of iron (27). Each of 
these processes helps to determine the kind of soil 
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Figure 15.—Erosion on Clarion loam, 5 to 9 percent slopes, moderately eroded. 


horizons that form and the rate of soil formation. As 
most soils form, organic matter is added, soluble salts 
or bases and carbonates are removed, clay is 
transferred from the surface downward, and primary 
minerals are transformed into secondary minerals that 
can be used by plants. In general, these processes tend 
to promote horizon differentiation, but some changes 
tend to offset or retard it. The processes and resulting 
changes proceed simultaneously in soils, and thus the 
ultimate nature of the profile is governed by the balance 
of these processes within the soil. 

In most of the sails in Hancock County, some organic 
matter has accumulated in the A horizon. The 
accumulation of organic matter is one of the first 


evidences of horizon differentiation. In soils that formed 
in organic deposits, the A horizon has a very high 
organic matter content. Examples are Houghton and 
Palms soils. Some mineral soils have a high organic 
matter content and a thick A horizon. Examples are 
Canisteo, Coland, Okoboji, and Webster soils. Clarion 
soils have a moderate organic matter content. Storden 
soils are an example of soils that have a low organic 
matter content and a faint, thin A horizon. 

Leaching of calcium carbonates and other bases has 
occurred in many soils in Hancock County. Leaching 
generally occurs before and during the translocation of 
silicate clay minerals. Percolating water removes 
soluble salts and calcium carbonates from the upper 
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horizons. The depth to which calcium carbonates 
precipitate generally is an indication of the usual depth 
to which water percolates or the depth to the water 
table in part of the year. As carbonates are moved 
downward, the B horizon forms. This leaching has 
occurred to a moderate depth in Clarion and Nicollet 
soils. Kilkenny, Lester, and Rolfe soils generally are 
more strongly leached and to a somewhat greater 
depth. The removal of calcium carbonates by leaching 
has progressed much more slowly, or not at all, in 
Storden soils because erosion removes most of the 
surface layer and organic matter as the soils form. 
Thus, only minimal horizonation has occurred. 

Horizons are faintly expressed in Canisteo and Harps 
soils. Carbonates have accumulated in the upper 
horizons, partly because of the upward movement of 
water in the profile, which retards leaching and 
transformations, resulting in weakly developed upper 
horizons. The calcium carbonate equivalent in Harps 
soils ranges from about 15 to 40 percent. 

The formation and translocation of silicate clay 
minerals have contributed to the development of more 
prominent horizons in Kilkenny, Lester, and Rolfe soils. 
The B horizon of these soils has more clay than the A 
horizon, and in many areas dark clay coatings are on 
faces of peds and in and along root channels. In places 
an eluviated E horizon has a platy structure, has less 
clay than the A or B horizon, and is lighter in color, 
especially when the soil is dry. The leaching of bases 
and the translocation of clay have been more dominant 
processes of horizonation in these soils than the 
accumulation of organic matter. The depth to which clay 
is moved is related to the depth of water percolation 
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during the growing season (23). 

Transfers of compounds from lower horizons to upper 
horizons also occur. For example, phosphorus is 
removed from the subsoil by plant roots, is transferred 
to the parts of the plant above ground, and 
subsequently is returned to the surface in plant residue. 

Transformations occur in all horizons, but the rate of 
transformation is most rapid in the surface layer. During 
the growing season, organic matter is broken down and 
transformed into simpler chemical compounds and 
elements. Also, primary minerals are transformed into 
secondary mineral elements. As a result of most 
transformations, the elements are more available to 
plants. For example, if the pH level is near 7, the 
primary mineral apatite is weathered to secondary 
phosphorus compounds that plants can use (8, 24). Ata 
higher pH level, however, this transformation is slowed 
and other phosphorus compounds that are not available 
to plants are formed. As a result, soils with a pH of 
more than 7, such as Canisteo and Harps soils, have a 
lower supply of available phosphorus than soils that 
have a pH level near 7, such as Nicollet and Webster 
soils. 

Gleying, or the reduction and transfer of iron, is a 
process evident in poorly drained and very poorly 
drained soils (26). Canisteo, Harps, Okoboji, and 
Webster soils, for example, have a gleyed B horizon. In 
gleying, the iron in this horizon is transformed from an 
oxidized form to a reduced form that is soluble and can 
be moved with water. This process results in gray or 
olive colors. In places these soils have reddish brown 
concretions of iron. 
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ABC soil. A soil having an A, a B, and a C horizon. 

AC soll. A soil having only an A and a C horizon. 
Commonly, such soil formed in recent alluvium or 
on steep rocky slopes. 

Aggregate, soil. Many fine particles held in a single 
mass or cluster. Natural soil aggregates, such as 
granules, blocks, or prisms, are called peds. Clods 
are aggregates produced by tillage or logging. 

Alluvium. Material, such as sand, silt, or clay, 
deposited on land by streams. 

Area reclaim (in tables). An area difficult to reclaim 
after the removal of soil for construction and other 
uses. Revegetation and erosion control are 
extremely difficult. 

Association, soil. A group of sails geographically 
associated in a characteristic repeating pattern 
and defined and delineated as a single map unit. 

Available water capacity (available moisture 
capacity). The capacity of soils to hold water 
available for use by most plants. It is commonly 
defined as the difference between the amount of 
soil water at field moisture capacity and the 
amount at wilting point. It is commonly expressed 
as inches of water per inch of soil. The capacity, in 
inches, in a 60-inch profile or to a limiting layer is 
expressed as follows: 


MET OW: th کے‎ ada سو‎ tees a oye 0 to 3 inches 
LOW. vd اس وس و ای‎ et سو‎ Sa 3 to 6 inches 
Moderate......................... 6 to 9 inches 
BIR ایی می ارب‎ asum lakes 9 to 12 inches 
Very high................., more than 12 inches 


Base saturation. The degree to which material having 
cation-exchange properties is saturated with 
exchangeable bases (sum of Ca, Mg, Na, K), 
expressed as a percentage of the total cation- 
exchange capacity. 

Bedrock. The solid rock that underlies the soil and 
other unconsolidated material or that is exposed at 
the surface. 

Bench terrace. A raised, level or nearly level strip of 
earth constructed on or nearly on the contour, 


supported by a barrier of rocks or similar material, 
and designed to make the soil suitable for tillage 
and to prevent accelerated erosion. 

Bisequum. Two sequences of soil horizons, each of 
which consists of an illuvial horizon and the 
overlying eluvial horizons. 

Bottom land. The normal flood plain of a stream, 
subject to flooding. 

Boulders. Rock fragments larger than 2 feet (60 
centimeters) in diameter. 

Calcareous soil. A soil containing enough calcium 
carbonate (commonly combined with magnesium 
carbonate) to effervesce visibly when treated with 
cold, dilute hydrochloric acid. 

Capillary water. Water held as a film around soil 
particles and in tiny spaces between particles. 
Surface tension is the adhesive force that holds 
capillary water in the soil. 

Cation. An ion carrying a positive charge of electricity. 
The common soil cations are calcium, potassium, 
magnesium, sodium, and hydrogen. 

Cation-exchange capacity. The total amount of 
exchangeable cations that can be held by the soil, 
expressed in terms of milliequivalents per 100 
grams of soil at neutrality (pH 7.0) or at some 
other stated pH value. The term, as applied to 
soils, is synonymous with base-exchange capacity 
but is more precise in meaning. 

Chiseling. Tillage with an implement having one or 
more soil-penetrating points that shatter or loosen 
hard compacted layers to a depth below normal 
plow depth. 

Clay. As a soil separate, the mineral soil particles less 
than 0.002 millimeter in diameter. As a soil textural 
class, soil material that is 40 percent or more clay, 
less than 45 percent sand, and less than 40 
percent silt. 

Clay film. A thin coating of oriented clay on the surface 
of a soil aggregate or lining pores or root 
channels. Synonyms: clay coating, clay skin. 

Claypan. A slowly permeable soil horizon that contains 
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much more clay than the horizons above it. A 
claypan is commonly hard when dry and plastic or 
stiff when wet. 

Coarse fragments. If round, mineral or rock particles 2 
millimeters to 25 centimeters (10 inches) in 
diameter; if flat, mineral or rock particles 
(flagstone) 15 to 38 centimeters (6 to 15 inches) 
long. 

Coarse textured soil. Sand or loamy sand. 

Cobblestone (or cobble). A rounded or partly rounded 
fragment of rock 3 to 10 inches (7.5 to 25 
centimeters) in diameter. 

Colluvium. Soil material, rock fragments, or both 
moved by creep, slide, or local wash and 
deposited at the base of steep slopes. 

Complex slope. Irregular or variable slope. Planning or 
constructing terraces, diversions, and other water- 
control measures on a complex slope is difficult. 

Complex, soil. A map unit of two or more kinds of soil 
in such an intricate pattern or so small in area that 
it is not practical to map them separately at the 
selected scale of mapping. The pattern and 
proportion of the soils are somewhat similar in all 
areas. 

Compressible (in tables). Excessive decrease in 
volume of soft soil under load. 

Concretions. Grains, pellets, or nodules of various 
sizes, shapes, and colors consisting of 
concentrated compounds or cemented soil grains. 
The composition of most concretions is unlike that 
of the surrounding soil. Calcium carbonate and 
iron oxide are common compounds in concretions. 

Conservation tillage. A tillage system that does not 
invert the soil and that leaves a protective amount 


of crop residue on the surface throughout the year. 


Consistence, soil. The feel of the soil and the ease 
with which a lump can be crushed by the fingers. 
Terms commonly used to describe consistence 
are— 

Loose.—Noncoherent when dry or moist; does not 
hold together in a mass. 

Friable.—When moist, crushes easily under gentle 
pressure between thumb and forefinger and can 
be pressed together into a lump. 

Firm.—When moist, crushes under moderate 
pressure between thumb and forefinger, but 
resistance is distinctly noticeable. 

Plastic. —When wet, readily deformed by moderate 
pressure but can be pressed into a lump; will form 
a "wire" when rolled between thumb and 
forefinger. 

Sticky.—When wet, adheres to other material and 
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tends to stretch somewhat and pull apart rather 
than to pull free from other material. 
Hard.—When dry, moderately resistant to 
pressure; can be broken with difficulty between 
thumb and forefinger. 

Soft.—When dry, breaks into powder or individual 
grains under very slight pressure. 
Cemented.—Hard; little affected by moistening. 

Contour stripcropping. Growing crops in strips that 
follow the contour. Strips of grass or close-growing 
crops are alternated with strips of clean-tilled 
crops or summer fallow. 

Control section. The part of the soil on which 
classification is based. The thickness varies 
among different kinds of soil, but for many it is that 
part of the soil profile between depths of 10 inches 
and 40 or 80 inches. 

Coprogenous earth (sedimentary peat). Fecal material 
deposited in water by aquatic organisms. 

Corrosive. High risk of corrosion to uncoated steel or 
deterioration of concrete. 

Cover crop. A close-growing crop grown primarily to 
improve and protect the soil between periods of 
regular crop production, or a crop grown between 
trees and vines in orchards and vineyards. 

Cutbanks cave (in tables). The walls of excavations 
tend to cave in or slough. 

Depth to rock (in tables). Bedrock is too near the 
surface for the specified use. 

Drainage class (natural). Refers to the frequency and 
duration of periods of saturation or partial 
saturation during soil formation, as opposed to 
altered drainage, which is commonly the result of 
artificial drainage or irrigation but may be caused 
by the sudden deepening of channels or the 
blocking of drainage outlets. Seven classes of 
natural soil drainage are recognized: 

Excessively drained.—Water is removed from the 
soil very rapidly. Excessively drained soils are 
commonly very coarse textured, rocky, or shallow. 
Some are steep. All are free of the mottling related 
to wetness. 

Somewhat excessively drained.—Water is removed 
from the soil rapidly. Many somewhat excessively 
drained soils are sandy and rapidly pervious. 
Some are shallow. Some are so steep that much 
of the water they receive is lost as runoff. All are 
free of the mottling related to wetness. 

Well drained.—Water is removed from the soil 
readily, but not rapidly. It is available to plants 
throughout most of the growing season, and 
wetness does not inhibit growth of roots for 
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significant periods during most growing seasons. 
Well drained soils are commonly medium textured. 
They are mainly free of mottling. 

Moderately well drained.—Water is removed from 
the soil somewhat slowly during some periods. 
Moderately well drained soils are wet for only a 
short time during the growing season, but 
periodically they are wet long enough that most 
mesophytic crops are affected. They commonly 
have a slowly pervious layer within or directly 
below the solum, or periodically receive high 
rainfall, or both. 

Somewhat poorly drained.—Water is removed 
slowly enough that the soil is wet for significant 
periods during the growing season. Wetness 
markedly restricts the growth of mesophytic crops 
unless artificial drainage is provided. Somewhat 
poorly drained soils commonly have a slowly 
pervious layer, a high water table, additional water 
from seepage, nearly continuous rainfall, or a 
combination of these. 

Poorly drained.—Water is removed so slowly that 
the soil is saturated periodically during the growing 
season or remains wet for long periods. Free 
water is commonly at or near the surface for long 
enough during the growing season that most 
mesophytic crops cannot be grown unless the soil 
is artificially drained. The soil is not continuously 
saturated in layers directly below plow depth. Poor 
drainage results from a high water table, a slowly 
pervious layer within the profile, seepage, nearly 
continuous rainfall, or a combination of these. 
Very poorly drained.—Water is removed from the 
soil so slowly that free water remains at or on the 
surface during most of the growing season. Unless 
the soil is artificially drained, most mesophytic 
crops cannot be grown. Very poorly drained soils 
are commonly level or depressed and are 
frequently ponded. Yet, where rainfall is high and 
nearly continuous, they can have moderate or high 
slope gradients. 

Drainage, surface. Runoff, or surface flow of water, 
from an area. 

Eluviation. The movement of material in true solution or 
colloidal suspension from one place to another 
within the soil. Soil horizons that have lost material 
through eluviation are eluvial; those that have 
received material are illuvial. 

Eolian soil material. Earthy parent material 
accumulated through wind action; commonly refers 
to sandy material in dunes or to loess in blankets 
on the surface. 
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Erosion. The wearing away of the land surface by 
water, wind, ice, or other geologic agents and by 
such processes as gravitational creep. 

Erosion (geologic). Erosion caused by geologic 
processes acting over long geologic periods and 
resulting in the wearing away of mountains and 
the building up of such landscape features as 
flood plains and coastal plains. Synonym: natural 
erosion. 

Erosion (accelerated). Erosion much more rapid 
than geologic erosion, mainly as a result of the 
activities of man or other arimals or of a 
catastrophe in nature, for example, fire, that 
exposes the surface. 

Excess fines (in tables). Excess silt and clay in the soil. 
The soilis not a source of gravel or sand for 
construction purposes. 

Fertility, soil. The quality that enables a soil to provide 
plant nutrients, in adequate amounts and in proper 
balance, for the growth of specified plants when 
light, moisture, temperature, tilth, and other growth 
factors are favorable. 

Fibric soil material (peat). The least decomposed of all 
organic soil material. Peat contains a large amount 
of well preserved fiber that is readily identifiable 
according to botanical origin. Peat has the lowest 
bulk density and the highest water content at 
saturation of all organic soil material. 

Field moisture capacity. The moisture content of a soil, 
expressed as a percentage of the ovendry weight, 
after the gravitational, or free, water has drained 
away; the field moisture content 2 or 3 days after 
a soaking rain; also called normal field capacity, 
normal moisture capacity, or capillary capacity. 

Fine textured soil. Sandy clay, silty clay, and clay. 

First bottom. The normal flood plain of a stream, 
subject to frequent or occasional flooding. 

Foot slope. The inclined surface at the base of a hill. 

Frost action (in tables). Freezing and thawing of soil 
moisture. Frost action can damage roads, 
buildings and other structures, and plant roots. 

Genesis, soil. The mode of origin of the soil. Refers 
especially to the processes or soil-forming factors 
responsible for the formation of the solum, or true 
soil, from the unconsolidated parent material. 

Glacial drift (geology). Pulverized and other rock 
material transported by glacial ice and then 
deposited. Also, the sorted and unsorted material 
deposited by streams flowing from glaciers. 

Glacial outwash (geology). Gravel, sand, and silt, 
commonly stratified, deposited by glacial 
meltwater. 
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Glacial till (geology). Unsorted, nonstratified glacial drift 
consisting of clay, silt, sand, and boulders 
transported and deposited by glacial ice. 

Glaciofluvial deposits (geology). Material moved by 
glaciers and subsequently sorted and deposited by 
streams flowing from the melting ice. The deposits 
are stratified and occur as kames, eskers, deltas, 
and outwash plains. 

Glaciolacustrine deposits. Material ranging from fine 
clay to sand derived from glaciers and deposited 
in glacial lakes mainly by glacial meltwater. Many 
deposits are interbedded or laminated. 

Gleyed soil. Soil that formed under poor drainage, 
resulting in the reduction of iron and other 
elements in the profile and in gray colors and 
mottles. 

Grassed waterway. A natural or constructed waterway, 
typically broad and shallow, seeded to grass as 
protection against erosion. Conducts surface water 
away from cropland. 

Gravel. Rounded or angular fragments of rock up to 3 
inches (2 millimeters to 7.6 centimeters) in 
diameter. An individual piece is a pebble. 

Gravelly soil material. Material that is 15 to 50 percent, 
by volume, rounded or angular rock fragments, not 
prominently flattened, up to 3 inches (7.6 
centimeters) in diameter. 

Green manure crop (agronomy). A soil-improving crop 
grown to be plowed under in an early stage of 
maturity or soon after maturity. 

Ground water (geology). Water filling all the unblocked 
pores of underlying material below the water table. 

Gully. A miniature valley with steep sides cut by 
running water and through which water ordinarily 
runs only after rainfall. The distinction between a 
gully and a rill is one of depth. A gully generally is 
an obstacle to farm machinery and is too deep to 
be obliterated by ordinary tillage; a rill is of lesser 
depth and can be smoothed over by ordinary 
tillage. 

Hardpan. A hardened or cemented soil horizon, or 
layer. The soil material is sandy, loamy, or clayey 
and is cemented by iron oxide, silica, calcium 
carbonate, or other substance. 

Horizon, soil. A layer of soil, approximately parallel to 
the surface, having distinct characteristics 
produced by soil-forming processes. In the 
identification of soil horizons, an uppercase letter 
represents the major horizons. Numbers or 
lowercase letters that follow represent subdivisions 
of the major horizons. The major horizons are as 
follows: 
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O horizon.—An organic layer of fresh and 
decaying plant residue. 

A horizon.—The mineral horizon at or near the 
surface in which an accumulation of humified 
organic matter is mixed with the mineral material. 
Also, any plowed or disturbed surface layer. 

E horizon.—The mineral horizon in which the main 
feature is loss of silicate clay, iron, aluminum, or 
some combination of these. 

B horizon.—The mineral horizon below an O, A, or 
E horizon. The B horizon is in part a layer of 
transition from the overlying horizon to the 
underlying C horizon. The B horizon also has 
distinctive characteristics, such as (1) 
accumulation of clay, sesquioxides, humus, or a 
combination of these; (2) granular, prismatic, or 
blocky structure; (3) redder or browner colors than 
those in the A horizon; or (4) a combination of 
these. 

C horizon.—The mineral horizon or layer, 
excluding indurated bedrock, that is little affected 
by soil-forming processes and does not have the 
properties typical of the overlying horizon. The 
material of a C horizon may be either like or unlike 
that in which the solum formed. If the material is 
known to differ from that in the solum, an Arabic 
numeral, commonly a 2, precedes the letter C. 

Cr horizon.—Soft, consolidated bedrock beneath 
the soil. 

R layer.—Hard, consolidated bedrock beneath the 
soil. The bedrock commonly underlies a C horizon 
but can be directly below an A or a B horizon. 

Humus. The well decomposed, more or less stable part 
of the organic matter in mineral soils. 

Hydrologic soil groups. Refers to soils grouped 
according to their runoff-producing characteristics. 
The chief consideration is the inherent capacity of 
Soil bare of vegetation to permit infiltration. The 
slope and the kind of plant cover are not 
considered but are separate factors in predicting 
runoff. Soils are assigned to four groups. In group 
A are soils having a high infiltration rate when 
thoroughly wet and having a low runoff potential. 
They are mainly deep, well drained, and sandy or 
gravelly. In group D, at the other extreme, are 
Soils having a very slow infiltration rate and thus a 
high runoff potential. They have a claypan or clay 
layer at or near the surface, have a permanent 
high water table, or are shallow over nearly 
impervious bedrock or other material. A soil is 
assigned to two hydrologic groups if part of the 
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acreage is artificially drained and part is 
undrained. 

Ice walled lakes. Glacial lakes that formed on the 
surface of stagnating glacial ice. They commonly 
contain glaciolacustrine sediments capping 
circular-shaped knobs of glacial till. 

llluviation. The movement of soil material from one 
horizon to another in the soil profile. Generally, 
material is removed from an upper horizon and 
deposited in a lower horizon. 

Impervious soil. A soil through which water, air, or 
roots penetrate slowly or not at all. No soil is 
absolutely impervious to air and water all the time. 

Infiltration. The downward entry of water into the 
immediate surface of soil or other material, as 
contrasted with percolation, which is movement of 
water through soil layers or material. 

Infiltration capacity. The maximum rate at which water 
can infiltrate into a soil under a given set of 
conditions. 

Infiltration rate. The rate at which water penetrates the 
surface of the soil at any given instant, usually 
expressed in inches per hour. The rate can be 
limited by the infiltration capacity of the soil or the 
rate at which water is applied at the surface. 

Kame (geology). An irregular, short ridge or hill of 
stratified glacial drift. 

Lacustrine deposit (geology). Material deposited in 
lake water and exposed when the water level is 
lowered or the elevation of the land is raised. 

Landslide. The rapid downhill movement of a mass of 
soil and loose rock, generally when wet or 
saturated. The speed and distance of movement, 
as well as the amount of soil and rock material, 
vary greatly. 

Leaching. The removal of soluble material from soil or 
other material by percolating water. 

Liquid limit. The moisture content at which the soil 
passes from a plastic to a liquid state. 

Loam. Soil material that is 7 to 27 percent clay 
particles, 28 to 50 percent silt particles, and less 
than 52 percent sand particles. 

Loess. Fine grained material, dominantly of silt-sized 
particles, deposited by wind. 

Low strength. The soil is not strong enough to support 
loads. 

Medium textured soil. Very fine sandy loam, loam, silt 
loam, or silt. 

Metamorphic rock. Rock of any origin altered in 
mineralogical composition, chemical composition, 
or structure by heat, pressure, and movement. 
Nearly all such rocks are crystalline. 
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Mineral soil. Soil that is mainly mineral material and 
low in organic material. Its bulk density is more 
than that of organic soil. 

Miscellaneous area. An area that has little or no 
natural soil and supports little or no vegetation. 

Moderately coarse textured soil. Coarse sandy loam, 
sandy loam, and fine sandy loam. 

Moderately fine textured soil. Clay loam, sandy clay 
loam, and silty clay loam. 

Moraine (geology). An accumulation of earth, stones, 
and other debris deposited by a glacier. Some 
types are terminal, lateral, medial, and ground. 

Morphology, soil. The physical makeup of the soil, 
including the texture, structure, porosity, 
consistence, color, and other physical, mineral, 
and biological properties of the various horizons, 
and the thickness and arrangement of those 
horizons in the soil profile. 

Mottling, soil. Irregular spots of different colors that 
vary in number and size. Mottling generally 
indicates poor aeration and impeded drainage. 
Descriptive terms are as follows: abundance—few, 
common, and many; size—fine, medium, and 
coarse; and contrast—faint, distinct, and prominent. 
The size measurements are of the diameter along 
the greatest dimension. Fine indicates less than 5 
millimeters (about 0.2 inch); medium, from 5 to 15 
millimeters (about 0.2 to 0.6 inch); and coarse, 
more than 15 millimeters (about 0.6 inch). 

Muck. Dark colored, finely divided, well decomposed 
organic soil material. (See Sapric soil material.) 

Munsell notation. A designation of color by degrees of 
three simple variables—hue, value, and chroma. 
For example, a notation of 10YR 6/4 is a color of 
10YR hue, value of 6, and chroma of 4. 

Neutral soil. A soil having a pH value between 6.6 and 
7.3. (See Reaction, soil.) 

Nutrient, plant. Any element taken in by a plant 
essential to its growth. Plant nutrients are mainly 
nitrogen, phosphorus, potassium, calcium, 
magnesium, sulfur, iron, manganese, copper, 
boron, and zinc obtained from the soil and carbon, 
hydrogen, and oxygen obtained from the air and 
water. 

Organic matter. Plant and animal residue in the soil in 
various stages of decomposition. 

Outwash plain. A landform of mainly sandy or coarse 
textured material of glaciofluvial origin. An outwash 
plain is commonly smooth; where pitted, it is 
generally low in relief. 

Parent material. The unconsolidated organic and 
mineral material in which soil forms. 
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Peat. Unconsolidated material, largely undecomposed 
organic matter, that has accumulated under 
excess moisture. (See Fibric soil material.) 

Ped. An individual natural soil aggregate, such as a 
granule, a prism, or a block. 

Pedon. The smallest volume that can be called "a soil." 
A pedon is three dimensional and large enough to 
permit study of all horizons. Its area ranges from 
about 10 to 100 square feet (1 square meter to 10 
square meters), depending on the variability of the 
soil. 

Percolation. The downward movement of water through 
the soil. 

Percs slowly (in tables). The slow movement of water 
through the soil, adversely affecting the specified 
use. 

Permeability. The quality of the soil that enables water 
to move downward through the profile. 
Permeability is measured as the number of inches 
per hour that water moves downward through the 
saturated soil. Terms describing permeability are: 


Veryslow................... less than 0.06 inch 
SOW Fai de w demit CO ES 0.06 to 0.2 inch 
Moderately slow ................. 0.2 to 0.6 inch 
Moderate................. 0.6 inch to 2.0 inches 
Moderately rapid............... 2.0 to 6.0 inches 
Rapid... دی‎ t e ساس‎ diea 6.0 to 20 inches 
Very rapid................. more than 20 inches 


Phase, soil. A subdivision of a soil series based on 
features that affect its use and management. For 
example, slope, stoniness, and thickness. 

pH value. A numerical designation of acidity and 
alkalinity in soil. (See Reaction, soil.) 

Piping (in tables). Formation of subsurface tunnels or 
pipelike cavities by water moving through the soil. 

Plasticity index. The numerical difference between the 
liquid limit and the plastic limit; the range of 
moisture content within which the soil remains 
plastic. 

Plastic limit. The moisture content at which a soil 
changes from semisolid to plastic. 

Plowpan. A compacted layer formed in the soil directly 
below the plowed layer. 

Ponding. Standing water on soils in closed 
depressions. Unless the soils are artificially 
drained, the water can be removed only by 
percolation or evapotranspiration. 

Poor filter (in tables). Because of rapid permeability, 
the soil may not adequately filter effluent from a 
waste disposal system. 

Poorly graded. Refers to a coarse grained soil or soil 
material consisting mainly of particles of nearly the 
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same size. Because there is little difference in size 
of the particles, density can be increased only 
slightly by compaction. 

Profile, soil. A vertical section of the soil extending 
through all its horizons and into the parent 
material. 

Reaction, soll. A measure of acidity or alkalinity of a 
soil, expressed in pH values. A soil that tests to 
pH 7.0 is described as precisely neutral in reaction 
because it is neither acid nor alkaline. The pH 
values are defined as follows: 


Extremely acid... مو بت یتو‎ below 4.5 
Very strongly acid... ................. 4.5 to 5.0 
Strongly acid... بی‎ eee renn. 5.1 to 5.5 
Medium acid......................... 5.6 to 6.0 
Slightly acid... تو نی نی‎ 6.1 to 6.5 
Neutrals «iex or vers t pe ener we ante 6.6 to 7.3 
Mildly alkaline........................ 7.4 to 7.8 
Moderately alkaline................... 7.9 to 8.4 
Strongly alkaline ..................... 8.5 to 9.0 
Very strongly alkaline ............ 9.1 and higher 


Relief. The elevations or inequalities of a land surface, 
considered collectively. 

Rill. A steep-sided channel resulting from accelerated 
erosion. À rill is generally a few inches deep and 
not wide enough to be an obstacle to farm 
machinery. 

Rock fragments. Rock or mineral fragments having a 
diameter of 2 millimeters or more; for example, 
pebbles, cobbles, stones, and boulders. 

Rooting depth (in tables). Shallow root zone. The soil 
is shallow over a layer that greatly restricts roots. 

Root zone. The part of the soil that can be penetrated 
by plant roots. 

Runoff. The precipitation discharged into stream 
channels from an area. The water that flows off 
the surface of the land without sinking into the soil 
is called surface runoff. Water that enters the soil 
before reaching surface streams is called ground- 
water runoff or seepage flow from ground water. 

Sand. As a soil separate, individual rock or mineral 
fragments from 0.05 millimeter to 2.0 millimeters in 
diameter. Most sand grains consist of quartz. As a 
Soil textural class, a soil that is 85 percent or more 
sand and not more than 10 percent clay. 

Sandstone. Sedimentary rock containing dominantly 
sand-size particles. 

Sapric soil material (muck). The most highly 
decomposed of all organic soil material. Muck has 
the least amount of plant fiber, the highest bulk 
density, and the lowest water content at saturation 
of all organic soil material. 

Sedimentary rock. Rock made up of particles 
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deposited from suspension in water. The chief 
kinds of sedimentary rock are conglomerate, 
formed from gravel; sandstone, formed from sand; 
shale, formed from clay; and limestone, formed 
from soft masses of calcium carbonate. There are 
many intermediate types. Some wind-deposited 
sand is consolidated into sandstone. 

Seepage (in tables). The movement of water through 
the soil. Seepage adversely affects the specified 
use. 

Sequum. A sequence consisting of an illuvial horizon 
and the overlying eluvial horizon. (See Eluviation.) 

Series, soil. A group of soils that have profiles that are 
almost alike, except for differences in texture of 
the surface layer or of the substratum. All the soils 
of a series have horizons that are similar in 
composition, thickness, and arrangement. 

Shale. Sedimentary rock formed by the hardening of a 
clay deposit. 

Sheet erosion. The removal of a fairly uniform layer of 
soil material from the land surface by the action of 
rainfall and surface runoff. 

Shrink-swell. The shrinking of soil when dry and the 
swelling when wet. Shrinking and swelling can 
damage roads, dams, building foundations, and 
other structures. It can also damage plant roots. 

Silica. A combination of silicon and oxygen. The 
mineral form is called quartz. 

Silica-sesquioxide ratio. The ratio of the number of 
molecules of silica to the number of molecules of 
alumina and iron oxide. The more highly 
weathered soils or their clay fractions in warm- 
temperate, humid regions, and especially those in 
the tropics, generally have a low ratio. 

Silt. As a soil separate, individual mineral particles that 
range in diameter from the upper limit of clay 
(0.002 millimeter) to the lower limit of very fine 
sand (0.05 millimeter). As a soil textural class, soil 
that is 80 percent or more silt and less than 12 
percent clay. 

Siltstone. Sedimentary rock made up of dominantly silt- 
sized particles. 

Similar soils. Soils that share limits of diagnostic 
criteria, behave and perform in a similar manner, 
and have similar conservation needs or 
management requirements for the major land uses 
in the survey area. 

Slickensides. Polished and grooved surfaces produced 
by one mass sliding past another. In soils, 
slickensides may occur at the bases of slip 
surfaces on the steeper slopes; on faces of blocks, 
prisms, and columns; and in swelling clayey soils, 
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where there is marked change in moisture content. 

Slick spot. A small area of soil having a puddled, 
crusted, or smooth surface and an excess of 
exchangeable sodium. The soil is generally silty or 
clayey, is slippery when wet, and is low in 
productivity. 

Slope. The inclination of the land surface from the 
horizontal. Percentage of slope is the vertical 
distance divided by horizontal distance, then 
multiplied by 100. Thus, a slope of 20 percent is a 
drop of 20 feet in 100 feet of horizontal distance. 

Slope (in tables). Slope is great enough that special 
practices are required to ensure satisfactory 
performance of the soil for a specific use. 

Sloughed till. Water-saturated till that has flowed slowly 
downhill from its origina! place of deposit by glacial 
ice. It may rest on other till, on glacial outwash, or 
on a glaciolacustrine deposit. 

Slow refill (in tables). The slow filling of ponds, 
resulting from restricted permeability in the soil. 

Small stones (in tables). Rock fragments less than 3 
inches (7.6 centimeters) in diameter. Small stones 
adversely affect the specified use of the soil. 

Soil. A natural, three-dimensional body at the earth's 
surface. It is capable of supporting plants and has 
properties resulting from the integrated effect of 
climate and living matter acting on earthy parent 
material, as conditioned by relief over periods of 
time. 

Soil separates. Minera! particles less than 2 millimeters 
in equivalent diameter and ranging between 
specified size limits. The names and sizes of 
separates, in millimeters, recognized in the United 
States are as follows: 


Very coarse sand .................... 2.0 to 1.0 
Coarse sand......................... 1.0 to 0.5 
Medium sand +6 0.5 to 0.25 
Fine Sand shod ہی بی وا می‎ a kòn a ss 0.25 to 0.10 
Very fine san... 0.10 to 0.05 
EE 0.05 to 0.002 
CLAY? cs tee eoe e E ea less than 0.002 


Solum. The upper part of a soil profile, above the C 
horizon, in which the processes of soil formation 
are active. The solum in soil consists of the A, E, 
and B horizons. Generally, the characteristics of 
the material in these horizons are unlike those of 
the underlying material. The living roots and plant 
and animal activities are largely confined to the 
solum. 

Stone line. A concentration of coarse fragments in a 
soil. Generally, it is indicative of an old weathered 
surface. In a cross section, the line may be one 
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fragment or more thick. It generally overlies 
material that weathered in place and is overlain by 
recent sediment of variable thickness. 

Stones. Rock fragments 10 to 24 inches (25 to 60 
centimeters) in diameter. 

Stony. Refers to a soil containing stones in numbers 
that interfere with or prevent tillage. 

Stripcropping. Growing crops in a systematic 
arrangement of strips or bands which provide 
vegetative barriers to soil blowing and water 
erosion. 

Structure, soil. The arrangement of primary soil 
particles into compound particles or aggregates. 
The principal forms of soil structure are—platy 
(laminated), prismatic (vertical axis of aggregates 
longer than horizontal), columnar (prisms with 
rounded tops), blocky (angular or subangular), and 
granular. Structureless soils are either single 
grained (each grain by itself, as in dune sand) or 
massive (the particles adhering without any regular 
cleavage, as in many hardpans). 

Stubble mulch. Stubble or other crop residue left on 
the soil or partly worked into the soil. It protects 
the soil from soil blowing and water erosion after 
harvest, during preparation of a seedbed for the 
next crop, and during the early growing period of 
the new crop. 

Subsoil. Technically, the B horizon; roughly, the part of 
the solum below plow depth. 

Subsoiling. Breaking up a compact subsoil by pulling a 
special chisel through the soil. 

Substratum. The part of the soil below the solum. 

Subsurface layer. Any surface soil horizon (A, E, AB, 
or EB) below the surface layer. 

Surface layer. The soil ordinarily moved in tillage, or its 
equivalent in uncultivated soil, ranging in depth 
from about 4 to 10 inches (10 to 25 centimeters). 
Frequently designated as the “plow layer,” or the 
“Ap horizon.” 

Surface soil. The A, E, AB, and EB horizons. It 
includes all subdivisions of these horizons. 

Taxadjuncts. Soils that cannot be classified in a series 
recognized in the classification system. Such soils 
are named for a series they strongly resemble and 
are designated as taxadjuncts to that series 
because they differ in ways too small to be of 
consequence in interpreting their use and 
behavior. 

Terminal moraine. A belt of thick glacial drift that 
generally marks the termination of important 
glacial advances. 

Terrace. An embankment, or ridge, constructed across 


Soil Survey 


sloping soils on the contour or at a slight angle to 
the contour. The terrace intercepts surface runoff 
so that water soaks into the soil or flows slowly to 
a prepared outlet. 

Terrace (geologic). An old alluvial plain, ordinarily flat or 
undulating, bordering a river, a lake, or the sea. 

Texture, soil. The relative proportions of sand, silt, and 
clay particles in a mass of soil. The basic textural 
classes, in order of increasing proportion of fine 
particles, are sand, loamy sand, sandy loam, loam, 
silt loam, silt, sandy clay loam, clay loam, silty clay 
loam, sandy clay, silty clay, and clay. The sand, 
loamy sand, and sandy loam classes may be 
further divided by specifying "coarse," “fine,” or 
“very fine.” 

Thin layer (in tables). Otherwise suitable soil material 
too thin for the specified use. 

Till plain. An extensive flat to undulating area underlain 
by glacial till. 

Tilth, soil. The physica! condition of the soil as related 
to tillage, seedbed preparation, seedling 
emergence, and root penetration. 

Toe slope. The outermost inclined surface at the base 
of a hill; part of a foot slope. 

Topsoil. The upper part of the soil, which is the most 
favorable material for plant growth. It is ordinarily 
rich in organic matter and is used to topdress 
roadbanks, lawns, and land affected by mining. 

Trace elements. Chemical elements, for example, zinc, 
cobalt, manganese, copper, and iron, are in soils 
in extremely small amounts. They are essential to 
plant growth. 

Unstable fill (in tables). Risk of caving or sloughing on 
banks of fill material. 

Upland (geology). Land at a higher elevation, in 
general, than the alluvial plain or stream terrace; 
land above the lowlands along streams. 

Valley fill. In glaciated regions, material deposited in 
stream valleys by glacial meltwater. In 
nonglaciated regions, alluvium deposited by 
heavily loaded streams. 

Variegation. Refers to patterns of contrasting colors 
assumed to be inherited from the parent material 
rather than to be the result of poor drainage. 

Weathering. All physical and chemical changes 
produced in rocks or other deposits at or near the 
earth's surface by atmospheric agents. These 
changes result in disintegration and decomposition 
of the material. 

Well graded. Refers to soil materia! consisting of 
coarse grained particles that are well distributed 
over a wide range in size or diameter. Such soil 
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normally can be easily increased in density and moisture content of soil, on an ovendry basis, at 
bearing properties by compaction. Contrasts with which a plant (specifically a sunflower) wilts so 
poorly graded soil. much that it does not recover when placed ina 


Wilting point (or permanent wilting point). The humid, dark chamber. 


Tables 
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TABLE 1.--TEMPERATURE AND PRECIPITATION 


(Recorded in the period 1951-84 at Britt, Iowa) 
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It can be calculated by adding the 


* A growing degree day is a unit of heat avallable for plant growth. 
maximum and minimum daily temperatures, dividing the sum by 2, and subtracting the temperature below which 


growth is minimal for the principal crops in the area (50 degrees F). 
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TABLE 2.--FREEZE DATES IN SPRING AND FALL 


(Recorded in the period 1951-84 at Britt, Iowa) 
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1 0 
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in spring: 
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TABLE 3.--GROWING SEASON 


(Recorded in the period 1951-84 at Britt, Iowa) 


Daily minimum temperature 
during growing season 


t 
' 
' 
li 
| 
LI 
I T- TORTË pë 
1 
1 
' 
' 
TI 
LI 


l I 
than ! than | than 
t 
24° F | 28° F | 32°F 
0 
= Nate oo al کت‎ n IE 
: Days ! Days | bays 
9 years in 10 ! 181 | 151 ! 136 
' l I 
8 years in 10 187 ! 160 i 142 
' 1 I“ 
5 years in 10 200 176 | 153 
l 
I I i 
2 years in 10 ! 212 ! 193 ! 164 
1 1 l 
1 year in 10 ! 219 | 201 I 169 
I 
0 0 LI 


140 


TABLE 4.--ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS 
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' I 
d Soil name | Acres 
i i 
| | 
lOkoboji silty clay loam, O to 1 percent slopes I 14,638 
'Dickman sandy loam, O to 2 percent slopes I 643 
IDickman sandy loam, 2 to 5 percent. slopes I 1,428 
IDickman sandy loam, 5 to 14 percent slopes, moderately eroded I 782 
IBode clay loam, 2 to 5 percent slopes----------------------------- I 1,187 
IBode clay loam, 5 to 9 percent slopes, moderately eroded--------------------------- 1 4,066 
IBode clay loam, 9 to 14 percent slopes, moderately eroded-------------------------- l 2,472 
'Bode clay loam, 14 to 18 percent slopes, moderately eroded------------------------- 1 511 
INicollet loam, l to 3 percent slopes----------------------------------0---2-9 TT ----- | 47,699 
‘Estherville loam, 0 to 2 percent slopes-------------------------------------------- ! 256 
{Estherville loam, 2 to 5 percent slopes-------------------------------------------- H 1,725 
{Estherville loam, 5 to 9 percent slopes, moderately eroded------------------------- ! 1,481 
lestherville loam, 9 to 14 percent slopes, moderately eroded------------------------ ! 360 
{Salida gravelly sandy loam, 2 to 9 percent slopes, moderately eroded--------------- I 272 
{Okoboji mucky silt loam, O to 1 percent slopes d 3,300 
¡Harps loam, O to 2 percent slopes--------------------------------- l 10,808 
IWebster clay loam, O to 2 percent slopes--- ! 41,798 
IColand clay loam, 0 to 2 percent slopes---- I 3,916 
{Clarion loam, 2 to 5 percent slopes-————— ا بد لد لد ا ا ا ا دع دع ہر مع دع یس سس سس سے سر سے سے سے سے‎ i 25,230 
¡Clarion loam, 5 to 9 percent slopes, moderately eroded----------------------------- ! 7,897 
{Clarion loam, 9 to 14 percent slopes, moderately eroded | 1,131 
¡Bolan loam, O to 2 percent slopes--------------------------- d 1,423 
{Bolan loam, 2 to 5 percent slopes-------------------------------------------------- d 1,161 
{Palms muck, O to 1 percent slopes-------------------------------------------------- I 4,915 
{Linder sandy loam, 24 to 32 inches to sanë and gravel, O to 2 percent slopes------- I 808 
ILester loam, 2 to 5 percent 81 سے سے سس سب سے ساس پا سا ساس ےی کوڑن‎ oo ee ooo nmmn | 1,770 
ILester loam, 5 to 9 percent slopes, moderately eroded---------- i 1,521 
¡Lester loam, 9 to 14 percent slopes, moderately eroded d 1,195 
¡Lester loam, 14 to 25 percent slopes-----------------------------------»----------- 1 1,461 
{Biscay clay loam, 32 to 40 inches to sand and gravel, 0 to 2 percent Slopes-------- I 3,570 
IRolfe silty clay loam, O to 1 percent slopes I 948 
lottosen clay loam, 1 to 3 percent slopes----------------------- I 2,746 
! Wadena loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes دوج‎ deeg l 2,689 
IWadena loam, 32 to 40 inches to sand and gravel, 2 to 5 percent slopes------------- | 918 
tHarcot clay loam, O to 2 percent slopes-------------------------------------------- I 7,265 
'Fieldon loam, O to 2 percent slopes------------------------------------------------ I 4,919 
{Collinwood silty clay loam, O to 2 percent slopes I 2,821 
[Collinwood silty clay loam, 2 to 5 percent slopes i 4,456 
iKossuth silty clay loam, O to 2 percent slopes----------- i 2,583 
Waldorf silty clay, O to 2 percent slopes------------------------------------------ i 5,948 
ISpillville loam, 2 to 5 percent slopes--------------------------------------------- I 5,509 
IWacousta silty clay loam, O to 1 percent slopes---------- | 1,370 
iCanisteo clay loam, O to 2 percent slopes---------------- 68,844 
{Blue Earth mucky silt loam, 0 to l percent slopes 1,174 
{Linder sandy loam, 32 to 40 inches to sand and gravel, O to 2 1,700 
IStorden clay loam, 5 to 14 percent slopes, moderately eroded----------------------- 691 
IStorden clay loam, 14 to 18 percent slopes, moderately eroded-- 498 
IStorden clay loam, 18 to 25 percent slopes, moderately eroded-- 201 
‘Houghton muck, O to l percent slopes--------------------------- 1,853 
iSunburg sandy loam, 5 to 9 percent slopes, moderately eroded--- 533 
{Sunburg sandy loam, 9 to 14 percent slopes, moderately eroded---------------------- 826 
ISunburg sandy loam, 14 to 18 percent slopes, moderately eroded---------~----------- 273 
iSunburg sandy loam, 18 to 25 percent slopes, moderately eroded--------------------- 262 
IClarion-Sunburg complex, 2 to 5 percent slopes------------------------------------- 361 
'Clarion-Sunburg complex, 5 to 9 percent slopes, moderately eroded------------------ 1,101 
'Clarion-Sunburg complex, 9 to 14 percent slopes, moderately eroded----------------- 1,796 
IClarion-Sunburg complex, 14 to 18 percent slopes, moderately eroded---------- 624 
ISunburg-Salida complex, 9 to 14 percent slopes, moderately eroded------------ 278 
'Corvith loam, l to 3 percent slopes------------------------------------------ 703 
'Crippin loam, l to 3 percent slopes------------------------------------------ 2,818 
iMayer loam, 24 to 32 inches to sand and gravel, 0 to 2 percent slopes 1,337 
{Mayer loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes I 4,610 
'Vinje silty clay loam, 2 to 5 percent slopes 1 2,387 
¡Vinje silty clay loam, 5 to 9 percent slopes, moderately eroded--------- -eremm ! 1,214 
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TABLE 4.--ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS--Continued 


Soil name Percent 


LI 

| i 

I ' 

0 Li 
811 'Muskego muck, O to l percent slopes-----------------------------------------2--7----- 1 2,120 | 0.6 
823 'Ridgeport sandy loam, O to 2 percent slopes-----------------------------------77--7- | 3,174 } 0.8 
823B !Ridgeport sandy loam, 2 to 5 percent slopes---------------------------------------- 1 1,974 | 0.5 
836B Kilkenny clay loam, 2 to 5 percent slopes---------------------------------2-2-------- I 219 | 0.1 
836C2 !Kilkenny clay loam, 5 to 9 percent slopes, moderately eroded----------------------- | 460 | 0.1 
836E2 !Kilkenny clay loam, 9 to 18 percent slopes, moderately eroded---------------------- I 1,166 | 0.3 
879 'Fostoria loam, l to 3 percent slopes----------------------------------------------- | 1,790 | 0.5 
956  lHarps-Okoboji complex, O to 2 percent slopes--------------------------------------- I 1,515 | 0.4 
1032 [Spicer silty clay loam, O to 2 percent slopes d 3,727 | 1.0 
1052B |Bode-Kamrar clay loams, 2 to 5 percent slopes i 1,970 | 0.5 
1135 !Coland clay loam, channeled, O to 2 percent slopes--------------------------------- I 1,276 | 0.3 
1221 {Palms muck, ponded, O to l percent slopes------------------------------------------ 1 1,129 | 0.3 
1259 ‘Biscay clay loam, ponded, 32 to 40 inches to sand and gravel, O to 1 percent slopes} 1,422 | 0.4 
1339 {Truman silty clay loam, stratified substratum, O to 2 percent slopes--------------- I 4,118 | 1.1 
1339B {Truman silty clay loam, stratified substratum, 2 to 5 percent slopes--------------- ! 2,902 | 0.8 
1506 'Wacousta silty clay loam, stratified substratum, 0 to l percent slopes------------- 1 654 | 0.2 
1507 {Brownton silty clay loam, O to 2 percent Sslopes=- noo i 761 | 0.2 
1595 'Harpster silty clay loam, 0 to 2 percent slopes-----------------------4------------- H 3,245 | 0.9 
1733 ICalco silty clay loam, frequently flooded, O to 2 percent slopes------------------- I 788 | 0.2 
2222 tagrian muck, O to l percent slopes-----------------------------------------2-------- 1 2,494 | 0.7 
4000 [Urban land--------------------------------------------------0--------------------2--- 1 360 ' 0.1 
5010 lPits, sand and gravel------==------------- l... l 732 | 0.2 
5040 !Orthents, loamy------------- n-ne nnn nnn nnn rrr nnn ooo SS SS SS ooo SS SS d 478 | 0.1 
I Wa ter n rns rrr v 1,926 | 0.5 

I on IT en بیس سی ادا‎ 

| Total Tp ii il lilii ii ii i L LOL ! 366,080 | 100.0 

1 

1 1 
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TABLE 5.--PRIME FARMLAND 
(Only the soils considered prime farmland are listed. Urban or built-up areas of the soils listed are not 


considered prime farmland. If a soil is prime farmland only under certain conditions, the conditions 
are specified in parentheses after the soil name) 


—— ا ل‎ — I. . C nAMTV— P OPT " s T T — 


li 
Map d Soil name 
symbol | 
| 

52B {Bode clay loam, 2 to 5 percent slopes 

55 iNicollet loam, 1 to 3 percent slopes 

95 IHarps loam, O to 2 percent slopes (where drained) 

107 iWebster clay loam, O to 2 percent slopes (where drained) 

135 IColand clay loam, O to 2 percent slopes (where drained) 

138B iClarion loam, 2 to 5 percent slopes 

174 {Bolan loam, O to 2 percent slopes 

174B iBolan loam, 2 to 5 percent slopes 

224 ILinder sandy loam, 24 to 32 inches to sand and gravel, O to 2 percent slopes 
236B ‘Lester loam, 2 to 5 percent slopes 

259 ¡Biscay clay loam, 32 to 40 inches to sand and gravel, O to 2 percent slopes (where drained) 
288 lOttosen clay loam, l to 3 percent slopes 

308 {Wadena loam, 32 to 40 inches to sand and gravel, O to 2 percent slopes 

308B iNadena loam, 32 to 40 inches to sand and gravel, 2 to 5 percent slopes 

335 ¡Harcot clay loam, O to 2 percent slopes (where drained) 

348 ¡Fieldon loam, O to 2 percent slopes (where drained) 

384 {Collinwood silty clay loam, O to 2 percent slopes 

384B ICollinvood silty clay loam, 2 to 5 percent slopes 

388 {Kossuth silty clay loam, 0 to 2 percent slopes (where drained) 

390 ¡Waldorf silty clay, O to 2 percent slopes (where drained) 

485B ISpillville loam, 2 to 5 percent slopes 

507 ICanisteo clay loam, 0 to 2 percent slopes (where drained) 

524 {Linder sandy loam, 32 to 40 inches to sand and gravel, O to 2 percent slopes 
641B ¡Clarion-Sunburg complex, 2 to 5 percent slopes 
654 ¡Corwith loam, 1 to 3 percent slopes 

655 iCrippin loam, 1 to 3 percent slopes 

658 iMayer loam, 24 to 32 inches to sand and gravel, O to 2 percent slopes (where drained) 
659 ¡Mayer loam, 32 to 40 inches to sand and gravel, O to 2 percent slopes (where drained) 
787B IVinje silty clay loam, 2 to 5 percent slopes 

836B iKilkenny clay loam, 2 to 5 percent slopes 

879 {Fostoria loam, l to 3 percent slopes 

1032 iSpicer silty clay loam, O to 2 percent slopes (where drained) 

1052B ¡Bode-Kamrar clay loams, 2 to 5 percent slopes 

1339 ITruman silty clay loam, stratified substratum, O to 2 percent slopes 

1339B ¡Truman silty clay loam, stratified substratum, 2 to 5 percent slopes 

1507 ¡Brownton silty clay loam, O to 2 percent slopes (where drained) 

1595 iHarpster silty clay loam, 0 to 2 percent slopes (where drained) 
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Hancock County, lowa 


TABLE 6.--LAND CAPABILITY CLASSES AND YIELDS PER ACRE OF CROPS AND PASTURE 


Absence of a yield indicates that the 


soil is not suited to the crop or the crop generally is not grown on the soil) 


(Yields are those that can be expected under a high level of management. 
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TABLE 6.--LAND CAPABILITY CLASSES AND YIELDS PER ACRE OF CROPS AND PASTURE--Continued 


' 
m 
n G ہے‎ N m a m ہے‎ n m co w CH o o a o o o o o a 
(ui . . e D ۰ D . ۰ " . . . . . . . . . . . 
ade ~ 0 w w w لت‎ [nS w w Ki Del n ~ w w Kto) Del w w w 
Y wl 
Em 
° g 
n 
Boxen. 93 ETS a کے ری اص‎ 
u 
[7 eN 1 m یہ‎ ' ~ ' ' y ' 1 w w 1 1 co ' ' t a 
ad . q . . ' ° 1 ' ' ' t H H ' ' H ' ' t . 
3 BE o w w La) ' m ' ' 1 D š لت‎ w ' ' لت‎ [ 1 1 w 
O Gje 
E E 
no 
D 
= a 
n 
> D o ~ w o m m Mm m m w w m o ~ ~ ہے‎ ° n m o 
“wo H D " " E . . . . ۳ . . . D . . . . a H 
9 BE m m m m m N m m m a m m Ki m m m m m m ار‎ 
2 gje 
ES 
On 
x< Q 
A rr کی‎ norman u a at e e mm 
aa 
LES ~ m N ہے‎ Dal o ~ m o 5 a n o co m ہے‎ w a o o 
E: M . . ۰ . . : H 1 i . . ç ñ M E H . - . 
hd 2 n k'a) wn un m Ki w w [2] i m m w Ki + m m n in Ki 
oo 
E DJE 
ow 
ka 
ad 
in a Ki > a o m = ہے‎ ' o a e Ed N ہے‎ Ki fë) ' E) 
7 لت‎ eo a co = = a co o ! a œ o ~ = ~ o oo o a 
ہے‎ 
لم‎ 3 
دنا‎ m 
o 
YN ہے‎ e co = w a o o ~ ' ہے‎ ~ ~ n Ka m co o a m 
5 > m m m m m Ki Ki m ! Ki m Ki m m m m + m Ka 
o = 
a m 
> 
c 
a 
w ~ N a m o m Ki w 1 eo L w N o e ° w m bou 
m N N N ہم‎ o m N ہے‎ ' N a < ہے‎ ° o N N N m 
E 3 a ہے‎ a ہم ہے‎ x e ہے ہم ہے ہے ' ہے ہے‎ a a ہے‎ Aa ad ہے‎ 
9 [aa] 
o 
ر‎ a a aa aa 787ر ی و‎ 20 
A 
va v e = o o = 
ہے‎ 
Ged [a] = a 0 H u o H Le Ou = m D o9 = = = o = 
GQ m H H H H H H H = = ar H H H H CH = H = "A 
A m. H H H H H = nH = H > t4 H H H m H H H = 
a 
o 
LI ' ' u ' ' ' ' ' ' ' D ' ' ' ' 4 ' ' 
' ' ' i ' ' ' ' ' ' ' D D n ' 1 ' 1 ' 
G 1 H D 1 ' 1 ' ' ' ' ' ' ' ' ' i ' i D 
gc 1 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 1 1 ' 
vo t ' ' ' ' ' ' ' ' ' ' ' ' D ' 1 ' ' ' u 
8 $ ' ' ' ' ' ' ' ' ' ' ' ' 1 I 1 ' ig tag ' 
% u t ' ' ' ' ' ' ' D 1 [ ' ' ' ' ' 1 © LÒ ' 
5 ES 1 ' ' ' ' ' ' 1 ' a ' 1 ' ' ' ' ' 1 © ro D 
u la ta ' ' ' ' ' D I ' ' ' La ' ' ' LE tè 1x ta 
a 10 to ' ' ' 5 5 in ۱1 با‎ tu t> 1 Lo ta Ig à to ta La iv 
o 1 — 1 is 1 G&G va ١ O 19 tv 10 ig ta 10 ta 1c LÉ to ' G lA Ion ta 
ag NH NW ! od 1 a LE i O lò NJ NY ١ + 10 1 ou ro 1a 190 1 Û Va ia ا‎ ci tan 
“E O G Qu | r3 m= ta té muy ou au En 1 o ta L Ai ' O m G tw to Va Oe 1 0 
o 0 ہے‎ Om +0 SO Ano ہے ی‎ oo O00 oo oo ala) v O eo A) ce d og u d O si +0 +0 oo 
m MO MO AM em NA AA ma MA m. ma um SË DO Om Oz mm FH OO DO ON 
ہے ہے ہم ہے‎ N N N N e a N N a em m m m m m e 


table. 


See footnotes at end of 


145 


Hancock County, lowa 


TABLE 6.--LAND CAPABILITY CLASSES AND YIELDS PER ACRE OF CROPS AND PASTURE--Continued 
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TABLE 6.--LAND CAPABILITY CLASSES AND YIELDS PER ACRE OF CROPS AND PASTURE--Continued 
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TABLE 6.--LAND CAPABILITY CLASSES AND YIELDS PER ACRE OF CROPS AND PASTURE--Continued 
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* Animal-unit-month: The amount of forage or feed required to feed one animal unit (one cow, one horse, one 


mule, five sheep, or five goats) for 30 days. 


** See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 7.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS 


(The symbol < means less than; > means more than. Absence of an entry indicates that trees generally do not grow 


to the given height on that soil) 


۱ Trees having predicted 20-year average height, in feet, of-- 
1 


Soil name and 


map symbol 


—— ا UR Kan es Ne w i ve s T‏ ےہ کے کے ہت .یچ ے سے ہج 


Okoboji 


28, 28B, 28D2---- 


Dickman 


52B, 52C2, 52D2, 


<8 


Siberian peashrub 


8-15 


Redosier dogwood 


Eastern redcedar, 
lilac. 


16-25 


Black ash, tall 
purple willow. 


Green ash, red 
pine, jack pine, 
Austrian pine, 
Russian-olive. 


northern white- 
cedar, tall 
purple willow, 
Amur maple. 


26-35 


Black willow, 
white willow, 
golden willow. 


Eastern white 
pine, Siberian 
elm. 


>35 


silver maple. 
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52E2------------- i --- iRedosier dogwood, ¡Eastern redcedar, {Eastern white | --- 
Bode I | lilac, gray | Amur maple, pine, green ash. | 
d | dogwood, Siberian! hackberry, ! 
I | peashrub. | northern white- | | 
H I | cedar, blue \ l 
' i | spruce, Russian- | 
I I | olive. I I 
| | | | | 
55---------------- I --- ¡Redosier dogwood, {Northern white- {Austrian pine, {Silver maple, 
Nicollet h | lilac. ' cedar, white | eastern white I 
I 1 | spruce, blue | pine, green ash, ! 
! 1 | spruce, Amur | hackberry. I 
i I | maple. i i 
i i i i i 
72, 72B, 72C2, i ' ! l ! 
72D2------------- ¡Siberian peashrub ¡Eastern redcedar, ¡Jack pine, green {Eastern white pine! --- 
Estherville ! | lilac. | ash, Russian- I I 
I I | Olive, red pine, | I 
| I | Austrian pine, I ۱ 
I I | Siberian elm. I I 
l i | i i 
73C2. i l i i ] 
Salida i i i I I 
i i i i i 
El I one IRedosier dogwood {Black ash, tall {Black willow, d --- 
Okoboji I I | purple willow. | white willow, H 
d H I | golden willow. | 
l I li LI [ 
l I li ! TI 
95---------------- ! --- Northern white- ¡Hackberry, white {Golden willow, 'Eastern 
Harps | | cedar, Siberian | spruce, eastern | green ash. | cottonwood. 
I | peashrub, lilac. | redcedar, bur I I 
I LI [i l ' 
I ' i oak. i ! 
t t ' LI 1 
I l ' l l 
i i i i i 
107-------------- i ou IRedosier dogwood, |Hackberry, Amur {Golden willow, ¡Eastern 
Webster i | American plum. | maple, northern | green ash. | cottonwood, 
۱ ۱ ¦ white-cedar, tall! ¦ silver maple. 
I I | purple willow, | I 
! | | white spruce. I I 
I I [ 1 I 
I I I t ' 
135--------------- 1 --- ¡Redosier dogwood, {White spruce, IGolden willow, {Eastern 
Coland I | American plum. | hackberry, | green ash. | cottonwood, 
I ' I ٦ 
i i ' i ! 
t ' I I l 
1 1 t I I 
1 I I I U 
l ٦ 1 l 1 
I | 1 1 [| 
I 7 l l ۲ 
l LI 1 1 t 
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TABLE 7.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued 


i Trees having predicted 20-year average height, in feet, of-- 
Soil name and | I 
map symbol | <8 8-15 16-25 26-35 | >35 
I 
LI LI 


138D2------------ I = Gray dogwood, Northern white- Green ash, eastern ےچ‎ 
Clarion I redosier dogwood,; cedar, blue white pine. 

i lilac, Siberian spruce, Amur 

H peashrub. maple, Russian- 

I olive, eastern 

۱ redcedar, 

hackberry. 

1 
174, 174B--------- Lilac, Russian- Eastern redcedar, jGreen ash, eastern جج‎ === 
Bolan | olive, Siberian Manchurian white pine, bur 

| peashrub. crabapple, oak. 

۱ hackberry. 

l 

1 
221--------------- ¡Vanhoutte spirea (Silky dogwood, Northern white- Eastern white Imperial Carolina 
Palms I common ninebark, cedar, Manchurian; pine, Norway poplar. 

I nannyberry crabapple, white | spruce, green 

I viburnum, spruce. ash. 

I American 

' cranberrybush. 

1 
PA د‎ n i amer Redosier dogwood, jBlue spruce, Amur (Eastern white Silver maple. 
Linder lilac. maple, white pine, Austrian 


236B, 236C2, 


U 
4 
! 
1 
! 
' 
1 
I 
٦ 
I 
٦ 
! 
I 
I 
i 
1 
٦ 
' 
LI 
! 
l 
l 
I 
! 
I 
t 
1 
LI 
H 
I 
I 
I 
I 
i 
I 
' 
I 
I 
1 
H 
I 
H 
I 
I 
I 
t 
٦ 
i 
[ 
1 
LI 
I 
I 
t 
t 
I 
LI 
H 
I 
I 
LI 
I 
1 
LI 
H 
I 
| 
I 
i 
t 
I 
l 
I 
I 
LI 
t 
1 
1 
H 
I 
I 
I 
I 
I 
I 
LI 
LI 
t 
li 
1 
LI 
I 
' 
LI 
LI 
I 
l 
I 
I 
li 
t 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
l 


spruce, northern 
white-cedar. 


plne, green ash, 
hackberry. 


236D2, 236F------ i paz Redosier dogwood, ¡Hackberry, eastern;Eastern white e 
Lester | Siberian redcedar, pine, green ash. 
1 peashrub, lilac, | northern white- 
| gray dogwood. cedar, Amur 
I maple, Russian- 
| olive, blue 
spruce. 
l 
25 0 ما ا سا لاہ‎ s... ! Se Redosier dogwood, ¡Northern white- Green ash, golden jEastern 
Biscay i American plum. cedar, Amur willow. cottonwood, 
| maple, white silver maple. 
| spruce, 
i hackberry, tall 
| purple willow. 
1 
E earned I اہ‎ Redosier dogwood, jAmur maple, Golden willow, Silver maple, 
Rolfe I American plum. northern white- green ash. eastern 
d cedar, hackberry, cottonwood. 
| white spruce, 
| tall purple 
willow. 
I 
288--------------- I === Redosier dogwood, INorthern white- Hackberry, eastern¡Silver maple. 
Ottosen | lilac. cedar, blue white pine, 
| spruce, white Austrian pine, 
d spruce, Amur green ash. 
maple. 
l I 
308, 308B--------- ¡Siberian peashrub, (Eastern redcedar, ¡Jack pine, --- .o. 
Wadena | Russian-olive, honeysuckle, bur 
hackberry, oak, green ash, 
Manchurian eastern white 


1 
1 
| 
I 
1 
| 
I 
LI 


1 
| 
| crabapple. 
I 
t 


I 
' 
' 
i 
I 
LI 
1 
I 
I 
! 
1 
I 
1 
LI 
LI 
LI 
1 
LI 
LI 
1 
1 
1 
LI 
1 
I 
LI 
LI 
! 
' 
1 
I 
! 
! 
' 
1 
LI 
1 
1 
! 
U 
I 
1 
' 
1 
LI 
I 
li 
I 
! 
1 
1 
' 
٦ 
1 
l 
LI 
LI 
1 
V 
1 
0 
I 
1 
t 
l 
1 
I 
I 
1 
1 
1 
I 
l 
U 
1 
٦ 
Li 
| 
LI 
! 
1 
| 
H 
! 
t 
1 
1 
' 
I 
! 
٦ 
1 
LI 
LI 
I 
l 
1 
1 
I 
t 
1 
t 
li 
[ 
٦ 
1 
l 
LI 
LI 
LI 
٦ 
l 
I 
1 
! 
I 
! 
1 
| 
£ 
! 
1 


pine. 
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TABLE 7.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued 


Soil name and 


l 
I 
I LI 
map symbol ! <8 8-15 H 16-25 26-35 >35 
I 1 
0 1 
t 


I 
1 
i 
[ 
س‎ n rIrYn ——— —A—OJ ——əəË — ر‎ aaa 
I 
! 
I 
! 
t 
1 


peashrub. 


1 l 
' i 
' i 
i ! ! ! 
335--------------- ! --- {Lilac, Siberian {White spruce, Green ash, golden |Eastern 
Harcot d | peashrub, | eastern redcedar,| willow. | cottonwood. 
| | northern white- | bur oak, | 1 
! | cedar. ! hackberry. [ I 
' 
I l ص‎ 1 LI 
348--------------- I --- ¡Northern white- {White spruce, ¡Green ash, golden 'Fastern 
Fieldon I | cedar, lilac, | eastern redcedar,i willow. | cottonwood. 
! | Siberian | bur oak, | 1 
! | peashrub. | hackberry. I I 
' I TË 
L| 1 LI I l 
384, 384B--------- i --- ¡Northern white- [White spruce, ¡Eastern white | --- 
Collinwood i i cedar, Siberian | Austrian pine, | pine, green ash. | 
1 | peashrub, | hackberry, ' 
! | lilac, eastern | Russian-olive, I 
! ! redcedar. | bur oak. I ۱ 
l ' U 
I li l ' l 
388--------------- I --- ¡Redosier dogwood, |Tall purple IGolden willow, ¡Eastern 
Kossuth 1 | American plum. | willow, Amur | green ash. | cottonwood, 
i ! i maple, hackberry,| | silver maple. 
i I | white spruce, 1 h 
| | | northern white- | ! 
I l | cedar. i i 
t I l d i 
390--------------- f --- iRedosier dogwood, |Northern white- {Golden willow, ! Eastern 
Waldorf I | American plum. | cedar, white i green ash. | cottonwood, 
i I | spruce, Amur I | silver maple. 
! 1 | maple, tall I l 
۱ H | purple willow, I ! 
! l 1 hackberry. | | 
l Li 1 TI 1 
485B-------------- i --- ¡Redosier dogwood, ¡Northern white- Hackberry, eastern!Silver maple. 
Spillville d | lilac. | cedar, white | white pine, | 
! I | spruce, blue | Austrian pine, I 
I { | spruce, Amur | green ash. 1 
i | i maple. i I 
' i i ' ' 
506--------------- d --- ¡Northern white-  ¡Hackberry, easterniGolden willow, ¡Eastern 
Wacousta ! | cedar, Siberian | redcedar, bur | green ash. | cottonwood, 
I | peashrub, lilac. ! oak, white ! ! 
i I | spruce. | ' 
! ' I ! ' 
507--------------- | --- ISiberian peashrub,|Hackberry, bur ¡Golden willow, Eastern 
Canisteo | | lilac, northern | oak, white | green ash. | cottonwood. 
۱ | white-cedar. | spruce, eastern | H 
۱ | | redcedar. | I 
I ' i i i 
5ll--------------- i an ¡Redosier dogwood Black ash, tall iBlack ash, golden | --- 
Blue Earth I ! | purple willow. | willow, white | 
۱ ' I | willow. ! 
i i i i ! 
524--------------- | --- ¡Redosier dogwood, {Blue spruce, Amur [Eastern white 'Silver maple. 
Linder | | lilac. | maple, white | pine, Austrian | 
d I | Spruce, northern | pine, green ash, ! 
| ! white-cedar. : hackberry. | 
I I 1 LI l 
562D2, 562E2, I ' | l 
562F2------------ ¡American plum----- lEastern redcedar, {Green ash, ¡Siberian elm------ | --- 
Storden I hackberry, ! Russian-olive. I 
[ Siberian i ! 
i i i 
' ' 1 
I t 1 


Hancock County, lowa 151 


TABLE 7.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued 


I Trees having predicted 20-year average height, in feet, of-- 
t 


1 
Soil name and | 
map symbol i «8 i 8-15 
U U 
1 


l l 
I 16-25 l 26-35 I >35 
! l i i 
! ' i ' ! 
' I V 
621--------------- ! on 'Silky dogwood, ¡Japanese tree ¡Black willow, {Imperial Carolina 
Houghton i | late lilac, Amur | lilac, northern | green ash, | poplar. 
| | privet, common | white-cedar. | Siberian I 
! | ninebark, d | crabapple, I 
[ | nannyberry ! | eastern white H 
! ! viburnum. | ! pine, ! 
t I I LI TI 
640C2, 640D2, ! ! ! ! ! 
640E2, 640F2----- {American plum----- (Eastern redcedar, !Green ash, ¡Siberian elm------ d --- 
Sunburg I ! Siberian ¦ Russian-olive. H d 
i | peashrub, ! ! ! 
! ! hackberry. | | ! 
' ' I ٦ LI 
641B*, 641C2*, I ' ! H | 
641D2*, 641E2*: | ! ۱ H | 
Clarion--------- ! --- 'Gray dogwood, ¡Northern white- ¡Green ash, eastern} --- 
| | redosier dogwood,| cedar, blue | white pine. I 
i | lilac, Siberian | spruce, Amur i I 
1 | peashrub. | maple, Russian- | I 
i 1 | olive, eastern | i 
1 | | redcedar, i i 
| hackberry. ! ! 
1 l 1 I 1 
Sunburg--------- ¡American plum----- ¡Eastern redcedar, ¡Green ash, ¡Siberian elm------ 1 aa 
! ! Siberian ! Russian-olive. ! i 
i { peashrub, i ' ' 
d | hackberry. I i I 
i ' i ' ' 
642D2*: ! I I i l 
Sunburg---------- ¡American plum----- ¡Eastern redcedar, {Green ash, ¡Siberian elm------ i --- 
i | Siberian | Russian-olive. i i 
| ! peashrub, ! | ! 
! ! hackberry. ! ! 
l l i I LI 
Salida. I 1 ! I H 
| | | | | 
654--------------- ۱ --- ILilac, northern {White spruce, ¡Green ash, ¡Eastern 
Corwith | | white-cedar, | hackberry, | golden willow. | cottonwood. 
| | Siberian | eastern redcedar,| p 
! peashrub. ! bur oak. 1 ' 
1 1 I 1 1 
655--------------- p --- ¡Northern white- ¡Hackberry, white Golden willow, ¡Eastern 
Crippin | | cedar, Siberian | spruce, eastern | green ash. | cottonwood. 
i | peashrub, lilac. | redcedar, bur | i 
LI l I li 1 
I I | oak. I ' 
| | | | | 
658, 659---------- | --- [Northern white- lHackberry, bur ¡Golden willow, ¡Eastern 
Mayer H ¦ cedar, Siberian | oak, white ¦ green ash. | cottonwood. 
i | peashrub, lilac. | spruce, eastern | H 
! 1 ! redcedar. ' I 
LI I l | 1 
7878, 787C2------- IGray dogwood, ¡Redosier dogwood, |Amur maple, {Red pine, Norway [Silver maple. 
Vinje | silky dogwood. | American plum. | eastern redcedar,! spruce, i 
! ! ! Russian-olive. ! hackberry. ! 
l [ 1 I TI 


See footnote at end of table. 
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TABLE 7.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued 


7 Trees having predicted 20-year average height, in feet, of-- 


Soil name and ' ' ' 
<8 8-15 ! 16-25 I 26-35 I 235 

I U 

1 0 

t 


I 

U 

l 

map symbol I I 

i I 

——Y nn r ا‎ —_————FFFe ç  .  Q$E_ s r - 
I TI i 
| | | | 
! ISiberian crabapplelImperial Carolina 


Bll--------------- mm Nannyberry White spruce, 
Muskego viburnum, silky Japanese tree | poplar. 
dogwood, common lilac, Manchurian 
ninebark, crabapple. 
northern white- 
cedar, American 
cranberrybush, 
redosier dogwood, 
late lilac. 
823, 823B-------- Lilac, Siberian Eastern redcedar, ¡Eastern white an --- 
Ridgeport peashrub. hackberry, pine, jack pine, 
Manchurian Russian-olive, 
crabapple. bur oak, green 


836B, 836C2, 


Kilkenny 


Spicer 


1052B*: 


See footnote at end of 


table. 


Redosier doqwood, 
gray dogwood, 
Siberian 
peashrub, lilac. 


Redosier dogwood, 
lilac. 


Northern white- 
cedar, Siberian 
peashrub, lilac. 


Redosier dogwood 


Lilac, Siberian 
peashrub, 
northern white- 
cedar. 


Redosier dogwood, 
lilac, gray 
dogwood, Siberian 
peashrub. 


Redosier dogwood, 
Siberian 
peashrub, gray 
dogwood, lilac. 


I 
I 
' 
I 
u 
' 
' 
' 
' 
LI 
LI 
LI 
LI 
' 
' 
' 
t 
t 
t 
I 
LI 
LI 
1 
1 
LI 
1 
1 
! 
t 
1 
li 
| 
I 
t 
1 
1 
1 
1 
! 
li 
! 
I 
1 
[ 
I 
I 
I 
[ 
' 
H 
٦ 
[ 
I 
H 
I 
t 
I 
' 
I 
٦ 
' 
li 
H 
! 
LI 
I 
' 
I 
[ 
I 
| 
٦ 
1 
li 
1 
' 
I 
LI 
LI 
TI 
٦ 
LI 
' 
H 
H 
I 
I! 
LI 
LI 
1 
' 
l 
LI 
' 
1 
t 
, 
' 
i 
' 
' 
' 
1 
q 
' 
1 
LI 
[| 
[| 
[| 
i 
H 
LI 
٦ 
' 
LI 
U 
' 
' 
' 


ash. 


Northern white- 
cedar, blue 
spruce, 
hackberry, Amur 
maple, eastern 
redcedar. 


White spruce, blue 
Spruce, northern 
white-cedar, Amur 
maple. 


Hackberry, white 
Spruce, eastern 
redcedar, bur 
oak. 


Black ash, tall 
purple willow. 


Bur oak, 
hackberry, white 
Spruce, eastern 
redcedar. 


Eastern redcedar, 
Amur maple, 
hackberry, 
northern white- 
cedar, blue 
spruce, Russian- 
olive. 


Blue spruce, Amur 
maple, eastern 
redcedar, 
hackberry, 
Russian-olive, 
northern white- 
cedar. 


1 
LI 
I 
I 
' 
' 
LI 
I 
' 
' 
1 
1 
t 
I 
t 
t 
٦ 
1 
' 
I 
t 
! 
LI 
' 
t 
t 
LI 
' 
LI 
[| 
[| 
I 
1 
٦ 
l 
t 
I 
' 
' 
' 
t 
' 
[| 
1 
y 
' 
I 
! 
٦ 
1 
1 
1 
t 
' 
TI 
1 
' 
' 
I 
' 
' 
' 
' 
U 
0 
[| 
1 
Li 
I 
I 
1 
I| 
٦ 
1 
1 
Li 
LI 
1 
U 
LI 
LI 
! 
' 
I 
! 
I 
! 
I 
' 
li 
1 
LI 
I 
٦ 
I 
I 
٦ 
I 
I 
I 
1 
I 
I 
t 
1 
! 
' 
1 
I 
I 
I 
1 
LI 
H 
LI 
1 


Austrian pine, 
eastern white 
pine, green ash. 


Austrian pine, 
green ash, 
eastern white 
pine, hackberry. 


Golden willow, 
green ash. 


Black willow, 
white willow, 
golden willow. 


Golden willow, 
green ash. 


Eastern white 
pine, green ash. 


Eastem white 
pine, green ash. 


Silver maple. 


Eastern 
cottonwood. 


Eastern 
cottonwood. 
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TABLE 7.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued 


1 
Soil name and ! 
map symbol i <8 
Li 
I 
1 


LE ki PS E A DR AA n A DEE 


8-15 16-25 26-35 >35 


| | | | 
' I t l 
i | i ! 
! | ! 
1135-------------- 1 --- ¡Redosier dogwood, [White spruce, [Golden willow, ¡Eastern 
Colaná ! | American plum. | hackberry, | green ash. | cottonwood, 
I i | northern white- | | silver maple. 
i H | cedar, tall | I 
i d | purple willow, 1 i 
i l | Amur maple, i i 
d ' i i d 
1221. i i ' i i 
Palms i I I i i 
| | | | 
1259-------------- i --- ¡Redosier dogwood {Black ash, tall {Black willow, 1 --- 
Biscay ! H | purple willow. ' golden willow, d 
! ! ! | white willow. ! 
I 1 I l t 
1339, 1339B------- I --- IGray dogwood, ¡Northern white- Eastern white H --- 
Truman | | redosier dogwood,! cedar, blue | pine, green ash. |! 
I | Siberian ! spruce, ! I 
I | peashrub, lilac. | hackberry, ! I 
i | | Russian-olive, d | 
d ' | eastern redcedar, | ! 
! ! | Amur maple. | ! 
li 
l l 1 I U 
1506-------------- d --- ¡Northern white- Hackberry, eastern!Golden willow, ¡Eastern 
Wacousta | | cedar, Siberian | redcedar, bur | green ash. | cottonwood. 
I I peashrub, lilac. ! oak, white I H 
d I | spruce. I I 
i I ' i I 
1507-------------- i --- ¡Siberian peashrub,|White spruce, {Golden willow, ¡Eastern 
Brownton | i lilac, northern | hackberry, bur | green ash. | cottonwood. 
| ! white-cedar. | oak, eastern | | 
I li TI I LI 
1595-------------- ۱ --- ¡Lílac, Siberian  jHackberry, white |Hackberry, golden |Eastern 
Harpster I | peashrub, | spruce, bur oak, | willow, green | cottonwood. 
I | northern white- | eastern redcedar.! ash. 
I | cedar, i 1 i 
| | | | | 
1733-------------- i --- ILilac, Siberian Hackberry, eastern|Golden willow, ¡Eastern 
Calco I | peashrub, | redcedar, bur | green ash. | cottonwood. 
I | northern white- ! oak, white 1 
! | cedar. ! spruce. ! | 
I l l l l 
2222-------------- | سس‎ {Silky dogwood, {Northern white- {Eastern white 'Imperial Carolina 
Adrian l ! common ninebark, | cedar. | pine, Siberian | poplar. 
i | Amur privet, I i crabapple, green | 
| | American 1 t ash. | 
i | cranberrybush, i H I 
I | late lilac, i i d 
| Japanese tree d i i 
i | lilac, nannyberry! I ۱ 
1 | viburnum. I ! I 
i i I ' | 
4000*. I I | ! d 
Urban Lang H ! ! I 1 
| i | ' i 
5010*, d | I ! 
Pits ' ' i i ' 
LI ' I I I 
' ' l ! I 
5040*, ! I ! | | 
Orthents 1 I | ! I 
I i 1 i i 


E NS LSU 
* See description of the map unit for composition and behavior characteristics of the map unit. 


154 


(Some terms that describe restrictive soil features are defined in the Glossary. 


of "slight," "moderate, Absence of an entry indicates that the soil was not rated) 


Soil name and 
map symbol 


Coland 


TABLE 8.--RECREATIONAL DEVELOPMENT 


Camp areas 


'Moderate: 


slope. 


' 
l 
l 
I 
| slope. 
I 
I 


IModerate: 


slope. 


!Slight---------- 


| 
'Severe: 
ponding. 
t 
'Severe: 
| wetness. 
' 


0 

Severe: 

i wetness. 

I 

ISevere: 
flooding, 


TI 
4 
| wetness. 
i 
i 


" and "severe." 


I 
I 
l 
ISevere: 
| ponding. 
l 
l 


slope, 


' 
I 
1 
' 
| slope. 
1 
' 
' 


Severe: 
ponding. 


Moderate: 
wetness. 


Moderate: 
wetness. 


Moderate: 
wetness. 


IModerate: 
| Slope. 


Severe: 
slope. 


|Moderate: 
| slope. 
3 


u 
m 
o 
kel 
O 
3 


'Moderate: 
i Slope. 
I 


I 

IModerate: 

| small stones. 

y 

l 

Moderate: 

¦ slope, 

' small stones. 

I 

' 

ISevere: 
slope. 


' 

M 

' 

V 
ISevere: 
| Slope. 
l 

LI 

U 


'Severe: 


| small stones. 


Severe: 
ponding. 


Severe: 
wetness. 


Severe: 
wetness. 


Severe: 
wetness. 


Playgrounds 


See text 


V 
I 
t 
ISevere: 
| ponding. 
' 
LI 


= 
no 
Q 
0 
اس‎ 
تم‎ 
CT 
D 


Moderate: 
wetness. 


Moderate: 
wetness. 


Moderate: 
wetness. 


Soil Survey 


for definitions 


Golf fairways 


' 
L 
' 
(Severe: 
! ponding. 
1 


IModerate: 
! droughty. 
1 

IModerate: 
! droughty. 
t 

! Moderate: 
| droughty, 
| slope. 

1 

Slight. 

| 

Slight. 

! 

1 


iModerate: 


Moderate: 


| droughty. 


' 
IModerate: 
! droughty. 
| 

1 


IModerate: 


! droughty. 


LI 

iModerate: 
| droughty, 
| slope. 

I 

I 

ISevere: 
droughty. 


Severe: 
ponding. 


Moderate: 
wetness. 


Moderate: 
wetness. 


Moderate: 
wetness, 
flooding. 
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TABLE 8.--RECREATIONAL DEVELOPMENT--Continued 


٦ 
Soil name and I Camp areas Picnic areas Playgrounds 
I 
I 
t 


map symbol 


TI 
t 
' 
I 
1 
I 
l 
' 
' 
138B------------------ iSlight---------- (Slight---------= IModerate: ISlight---------- iSlight. 
Clarion I i | slope. i | 
' ' 1 
1 LI I li [ 
138C2----------------- IS1ight---------- IS1ight---------- ‘Severe: ISlight---------- ISlight. 
Clarion ! 1 | slope. I H 
I I I I ' 

t I I I 1 
138D2----------------- ‘Moderate: 'Moderate: ISevere: ISlight---------- 'Moderate: 
Clarion ' slope. ¦ slope. ! slope. d | slope. 

F ' I ' ' 
I ' I 1 t 
174------------------- !S1ight---------- 'Slight---------- 'Slight---------- !'Slight---------- ‘Slight. 
Bolan ! | I ' i 
| | | | 
ا‎ ISlight---------- iISlight---------- IModerate: ISlight---------- ¡Slight. 
Bolan ! ! | slope. ! ۱ 
I 1 i l TI 
I l LI l LI 
221------------------- 'Severe: 'Severe: 'Severe: 'Severe 'Severe: 
Palms | ponding, | ponding, | ponding, i ponding, | ponding, 
¦ excess humus. ! excess humus. } excess humus. ¦ excess humus. ! excess humus. 
' ' t 1 1 
' 0 I ' ' 
224------------------- iModerate: IModerate: IModerate: IS1light---------- Slight. 
Linder | wetness. | wetness. ¦ wetness. | I 
LI I LI i LI 
I I I LI 
236B------------------ {Slight---------- }Slight---------- IModerate: [Slight---------- ¡Slight. 
Lester ! I | slope. i | 
t ' ' ' 1 
LI I l ' ' 
236C2----------------- iSlight---------- {Slight---------- Severe: |Slight---------- ¡Slight. 
Lester I H | slope. ! ! 
' ' 1 
1 ' i LI ' 
236D2----------------- IModerate: 'Moderate 'Severe: ISlight---------- IModerate: 
Lester | slope. ! slope. I slope. ! | slope. 
l I ' I LI 
1 I I I I 
236F------------------ 'Severe: 'Severe: ¡Severe: IModerate: | Severe: 
Lester | slope. | slope. | slope. ¦ slope. | slope. 
t ' ' t I 
1 t 1 n ' 
259------------------- ISevere: 'Moderate: 'Severe: 'Moderate: Moderate: 
Biscay | wetness. | wetness. | wetness. | wetness. | wetness. 
1 J ' ' t 
I ' ' ' I 
DT rn Severe: Severe: Severe: Severe: ‘Severe: 
Rolfe | ponding. | ponding. | ponding. | ponding. | ponding. 
LI l t I 1 
1 LI I l ! 
288------------------- 'Moderate: 'Moderate: 'Moderate: ISlight---------- Slight. 
Ottosen | wetness, | wetness, ! slope, I 1 
| percs slowly. | percs slowly. | wetness, I I 
i i ! percs slowly. } ! 
1 I ' U ' 
I ' f l ' 
308------------------- IS1ight---------- 'Slight---------- !S1ight---------- !S1ight---------- islight. 
Wadena | I I I H 
| | | | ! 
30BB------------------ ISlight---------- ISlight---------- Moderate: \Slight---------~ Slight. 
Wadena I I | slope. I ! 
I“ ' t ' ' 
LI 4 l I ' 
335------------------- Severe: Moderate: | Severe: Moderate: ! Moderate: 
Harcot | flooding, | wetness. | wetness. | wetness, | wetness. 
| wetness. ! : i i 
| | | | 
34g------------------- {Severe IModerate: 'Severe: 'Moderate: 'Moderate: 
Fieldon | wetness. | wetness. ! wetness. | wetness. | wetness. 
l TI I t 1 
I 1 1 l y 
384------------------- (Moderate: IModerate: 'Moderate: Is1ight---------- 'Slight. 
Collinwood ¦ wetness. | wetness. | wetness. I 1 
1 1 I TI 
1 I ' 1 
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Soil name and 


map symbol 


Storden 


562E2, 562F2------- 


Storden 


Sunburg 


640E2, 640F2------- 


Sunburg 
641B*: 


Clarion----------- 


Sunburg----------- 


641C2*: 


Clarion----------- 


Sunburg----------- 


TABLE 8.--RECREATIONAL DEVELOPMENT--Continued 
i i BÀI ————MEUEU m s 
' 


Camp areas 


IModerate: 
wetness. 


wetness, 
too clayey. 


ponding. 


severe: 
wetness. 
l 


'Severe: 


ponding, 
excess humus. 


1 
U 
! 
1 
I 


Moderate: 
wetness. 


Moderate: 
slope. 


Severe: 
slope. 


Severe: 
ponding, 
excess humus. 


Slight---------- 
Moderate: 
slope. 


Severe: 
slope. 


See footnote at end of table. 


Picnic areas 


Moderate: 
wetness. 


wetness, 
percs slowly. 


Severe: 
wetness, 


l 

I 

LI 

l 

I 

I 

l 

l 

I 

I 

I 

1 

l 

l 

I 

I 

i 
iModerate: 
1 

1 

U 

i 

I 

I 

1 

I 

1 

! too clayey. 
' 


Moderate: 
wetness. 


Severe: 
ponding, 
excess humus. 


Moderate: 
wetness. 


Moderate: 
slope. 


Severe: 
slope. 


Severe: 


ponding, 
excess humus. 


Playgrounds 


Moderate: 
slope, 
wetness. 


l 
I 
1 
l 
l 
1 
| 
| 
t 
I 
1 
1 
i 
l 
l 
l 
l 
ISevere: 
| wetness. 
I 
TI 
l 
I 
I 
I 
I 
t 
t 
I 
LI 
I 


Severe: 
too clayey, 
wetness. 
IModerate: 
slope. 


Severe: 
ponding. 


Severe: 
wetness. 


Severe: 
excess humus, 
ponding. 


wetness. 


Severe: 
slope. 


Severe: 
slope. 


' 

V 

I 

U 

1 

' 

I 

TI 

I 

I 

l 

1 

I 

I 

t 

l 

i 

I 

I 

t 

li 

1 

li 

| 

‘Moderate: 

l 

1 

t 

l 

Li 

l 

1 

1 

t 

1 

r 

^ 

I 

li 

r 

M 

ISevere: 
| ponding, 
| excess humus. 
t 

t 
ISevere: 
slope. 


Severe: 
slope. 


slope. 


! 

t 

U 

li 

LI 

H 

| 

| 
ISevere: 
| 

| 
IModerate: 

| Slope. 

LI 

I 

Moderate: 
slope, 
small stones. 


slope. 


Severe: 


I 

1 

I 

I 

l 

I 

1 

1 

1 
¡Severe: 
LI 

' 

I 

۱ 

| slope. 
LI 

LI 


Paths and trails 


Moderate: 
wetness. 


Severe: 
wetness, 
too clayey. 


Moderate: 
wetness. 
Severe: 
ponding, 
excess humus. 


Moderate: 
slope. 


Soil Survey 


| Golf fairways 


Slight. 


Moderate: 
wetness. 


Severe: 
wetness, 
too clayey. 


iSlight. 


Severe: 
ponding. 


wetness, 


Severe: 


1 

li 

1 

i 

i 

I 

LI 

i 
'Moderate: 
H 

1 

I 

LI 

i 

| ponding. 
I 

1 

LI 


t 
Slight. 
' 
d 
'Moderate: 


slope. 


excess humus, 
ponding. 


Slight. 

| 

IModerate: 
slope. 


| 

LI 
ISevere: 
! slope. 
l 

I 
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TABLE 8.--RECREATIONAL DEVELOPMENT--Continued 


ee eh s 


l I 1 
Soil name and Picnic areas 'Paths and trails! Golf fairways 


map symbol 


Camp areas Playgrounds 


l 
I 1 
1 | 
I t I 
I l { 
I l li 
l I i 
I 1 | 
I I 1 
' I I 
641D2*: i l 
Clarion-------------- |Moderate: ‘Moderate: ¡Severe: ISlight---------- Moderate: 
! slope. | slope. I slope. d ! slope. 
1 l 
t t U 1 1 
Sunburg-------------- ¡Moderate: ¡Moderate: \Severe: IS1ight---------- IModerate: 
| slope. | slope. | slope. I | slope. 
l I 1 t l 
l l i Li ' 
641E2*: | ! ) ! i 
Clarion-------------- ¡Severe: ISevere: ISevere: 'Moderate: ISevere: 
| slope. | slope. I slope. | slope. t slope. 
1 LI I 1 LI 
l LI 1 I l 
Sunburg-------------- ISevere: 'Severe: ‘Severe: 'Moderate: ISevere: 
| slope. | slope. i slope. | slope. | slope. 
l I ' ' 1 
I I ' ' V 
642D2*: i i i i ' 
Sunburg-------------- Moderate: Moderate: ‘Severe: ISlight---------- 'Moderate: 
| slope. | slope. | slope. k ¦ slope. 
1 1 t L| ! 
li 1 I LI V 
Salida--------------- |Moderate-------- iModerate-------- Severe: |S1ight---------- Severe: 
i i | slope, I | droughty. 
I i ! small stones. | ! 
| | | | 
654------------------- IModerate: 'Moderate: 'Moderate: ISlight---------- ISlight. 
Corwith | wetness. ¦ wetness. ¦ slope, ! d 
! | ! wetness. { 1 
| | | | x 
655------------------- IModerate: 'Moderate: 'Moderate: \Slight---------- Slight. 
Crippin | wetness. | wetness. ! slope, | ! 
I ! ! wetness. | ! 
| | | | | 
658, 659-------------- 'Severe: 'Moderate: Severe: Moderate: Moderate : 
Mayer ! wetness. l wetness. ! wetness. | wetness. ¦ wetness. 
l I 1 LI 
I I I I I 
787B------------------ 'Moderate: 'Moderate: 'Moderate: iSlight---------- iSlight. 
Vinje ! percs slowly. | percs slowly. | slope, ! I 
I i | percs slowly. | 
I I I LI I 
l l l 1 LI 
787C2----------------- 'Moderate: 'Moderate: ISevere: ISlight---------- ISlight. 
Vinje ! percs slowly. | percs slowly. | slope. | | 
I l i I 1 
I U I l l 
811------------------- ISevere: I Severe ! Severe: | Severe ISevere: 
Muskego | ponding, | ponding, | excess humus, | ponding, | ponding, 
! excess humus. | excess humus. | ponding. ! excess humus. | excess humus. 
I LI LI 1 U 
I I I i I 
823------------------- |Slight---------- {Slight---------- iSlight---------- iSlight---------- i Moderate: 
Ridgeport I | i I | droughty. 
t | I I li 
l l t l I 
823B------------------ iSlight---------- {Slight---------- ¡Moderate: \Slight---------- IModerate: 
Ridgeport I ' | slope. I | droughty. 
I U I I i 
l I l I i 
836B------------------ IModerate: IModerate: IModerate: ISlight---------- Slight. 
Kilkenny | percs slowly. ! percs slowly. | slope, I | 
I | ! percs slowly. | I 
t I 1 
l i I LI l 
836C2----------------- 'Moderate: 'Moderate: ISevere: ISlight---------- slight. 
Kilkenny ' percs slowly. | percs slowly. | slope. 1 I 
l U ! li 1 
l 1 U i 1 
836E2----------------- IModerate: ¡Moderate: 'Severe ISlight---------- IModerate: 
Kilkenny | slope, | slope, ¦ slope. I slope. 
' I I l 
| | | | 
' TI D l 


percs slowly. 


See footnote at end of table. 


percs slowly. 
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TABLE 8.--RECREATIONAL DEVELOPMENT--Continued 


I I ' 1 ' 
Soil name and | Camp areas | Picnic areas | Playgrounds {Paths and trails! Golf fairways 
map symbol i d i ' ۱ 
| | | | 
I i I Li i 
| | | | | 
879------------------- IModerate: iModerate: IModerate: ISlight---------- ¡Slight. 
Fostoria | wetness. | wetness. | wetness, H l 
i d i slope. ' | 
1 1 V I l 
1 LI TI I 1 
956*: I I i i I 
Harps----------- -----|Severe: IModerate: ISevere: IModerate: 'Moderate: 
! wetness. | wetness. | wetness. | wetness. | wetness. 
I ' LI I I 
[| t l ٦ l 
Okoboji-------------- iSevere: ISevere: ‘Severe: 'Severe: ¡Severe: 
| ponding. | ponding. | ponding. | ponding. | ponding. 
I U LI 1 1 
1 1 l 1 I 
1032------------------ 'Severe: ¡Moderate: ISevere: IModerate: 'Moderate: 
Spicer | wetness. i wetness. | wetness. 1 wetness. | wetness. 
I I t I 
7 LI I I LI 
1052B*: i I H I i 
Bode----------------- ISlight---------- iSlight---------- | Moderate: |Slight---------- Slight. 
i ! i slope. H i 
| | | | | 
Kamrar--------------- IModerate: IModerate: IModerate: ISlight---------- Slight. 
| percs slowly. | percs slowly. | slope, d 1 
l d | percs slowly. | d 
li t I t I 
l 1 i “ I 
l135------------------ ISevere: IModerate: ISevere: ¡Moderate: ISevere: 
Coland | flooding, | flooding, | wetness, | wetness, | flooding. 
| wetness. | wetness. | flooding. ! flooding. 1 
1 ' I l 
' t ٦ I I 
1221------------------ ¡Severe: iSevere: ISevere: ISevere: ISevere: 
Palms | ponding, | ponding, | excess humus, | ponding, | ponding, 
| excess humus. ! excess humus. | ponding. | excess humus. ! excess humus. 
l I t ' 
1 I I LI 1 
1259------------------ ISevere: ISevere ISevere: iSevere: Severe: 
Biscay | ponding. | ponding. | ponding. | ponding. ! ponding. 
1 I ' 
I I t ' I 
1339------------------ ISlight---------- ISlight---------- iSlight---------- iSlight---------- ¡Slight. 
Truman i i i I i 
| : | | | 
1339B----------------- iSlight---------- iSlighte--------- IModerate: ISlight---------- ¡Slight. 
Truman i 1 ! slope. ! | 
1 
1 0 t [| I 
1506------------------ ISevere: 'Severe: ISevere: 'Severe: 'Severe: 
Wacousta | flooding, | ponding. | ponding. | ponding. | ponding. 
! ponding. I i i i 
| | | | | 
1507------------------ {Severe ¡Moderate: ¡Severe: ¡Moderate: 'Moderate: 
Brownton | wetness, | wetness, | wetness. | wetness. | wetness. 
i ¦ percs slowly. | | i 
I l U I 
I TI 1 I I 
1595------------------ ISevere: ¡Severe: ISevere: (Severe: ISevere: 
Harpster ! ponding. | ponding. ! ponding. ! ponding. | ponding. 
' 
1 I l U t 
1733------------------ ISevere IModerate: ISevere: IModerate: ISevere: 
Calco | flooding, | flooding, | wetness, ¦ wetness, | flooding. 
| wetness. | wetness. | flooding. | flooding. d 
1 I ' 1 
li I ' 1 t 
2222------------------ 'Severe ISevere: ISevere: ISevere: 'Severe: 
Adrian | ponding, | ponding, | excess humus, | ponding, | ponding, 
i excess humus. | ponding. | excess humus. | excess humus. 
1 1 i 
I 1 1] 


[| 
¦ excess humus. 
t 
1 LI 
جم‎ ————————  ———  —— AAA ie mani ا‎ 


* See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 9.--WILDLIFE HABITAT 


Absence of an entry indicates that the 


(See text for definitions of "good," "fair," "poor," and "very poor." 


soil was not rated) 


iPotential as habitat for-- 


for habitat elements 


Potential 


Wetland 
wildlife 


Woodland 
wildlife 


Openland 
wildlife 


Shallow 
water 
areas 


Wetland 
plants 


Conif- 
erous 
lants 


Hardwood 
trees 


Grasses 
and 
legumes 


Grain 


Soil name and 
map symbol 
Estherville 


Okoboji 

Dickman 

Bode 

Bode 

Bode 

Nicollet 
72D2-------------- 
Salida 

Okoboji 

Harps 

Webster 

Coland 

Clarion 

Clarion 

Bolan 

Palms 

Linder 

Lester 

236C2, 236D2------- 
Lester 


224---------------- 
236B--------------- 


174, l4B---------- 
اسنا تو‎ 


13802, 138D2------- 


552---------------- 
72, 72B, 72C2, 

73C2--------------- 
9g0----------------- 
95----------------- 
107---------------- 
135---------------- 
138B--------------- 


52C2, 52D2--------- 
52E2--------------- 


28, 28B, 28D2------ 
52B---------------- 


6------------------ 
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TABLE 9.--WILDLIFE HABITAT--Continued 
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TABLE 9.--WILDLIFE HABITAT--Continued 


iPotential as habitat for-- 


Potential for habitat elements 
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TABLE 9.--WILDLIFE HABITAT--Continued 
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* See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 10.--BUILDING SITE DEVELOPMENT 


(Some terms that describe restrictive soil features are defined in the Glossary. 


"slight," "moderate," and "severe." 


Absence of an entry indicates that the soil was not rated. 


The 


163 


See text for definitions of 


information in this table indicates the dominant soil condition but does not eliminate the need for onsite 
investigation) 


Soil name and 
map symbol 


Webster 


l 

i Shallow 

| excavations 
1 
i 


'Moderate: 


slope. 


ISevere: 


slope. 


| cutbanks 
1 
1 
ISevere: 


| cutbanks 


| cutbanks 
1 

U 

\Severe: 
ponding. 


Dwellings 
without 


1 

t 

I 

' 

[ 

| 

' 

l 

1 
ISevere: 
| ponding, 
| shrink-swe11. 
' 

' 

' 

V 

I 

u 

1 

I 

I 

1 

I 

L| 

1 


Moderate: 


¦ shrink-swell. 

I 

I 

IModerate: 
shrink-swell. 


Moderate: 
shrink-swell, 
slope. 


Severe: 
slope. 


shrink-swell. 


Moderate: 


[| 
TI 
I 
I 
' 
LI 
0 
I 
' 
' 
' 
' 
' 
Li 
' 
' 
I 
I 
I 
I 
I 
IModerate: 
' 
1 
' 
' 
' 
I 
٦ 
LI 
' 
I 
I 
I 
I 
I 
I 
I 
1 
1 
t 
t 
¦ slope. 


n'o 
° 
3 
© 
fwa 
5 
a 
- 


hrink-svell. 


Severe: 
wetness. 


Severe: 
wetness. 


Dwellings 
with 


Severe: 
ponding, 
shrink-swell. 


slope. 


Moderate: 
slope. 


Severe: 
slope. 


Moderate: 
wetness. 


slope. 


Severe: 
ponding, 
shrink-swell. 


Severe: 
wetness. 


Severe: 
wetness. 


Small 
commercial 


Severe: 
ponding, 
shrink-svell. 


¡Moderate: 
| shrink-svell. 


'Moderate: 
shrink-swell, 
slope. 


Moderate: 
shrink-swell. 


IModerate: 
Slope. 


ISevere: 
| slope. 
i 
1 


iModerate: 


slope. 


Severe: 
ponding, 
shrink-swell. 


wetness. 


Severe: 


1 

1 

Li 

l 

! 

l 

I 

l 

t 

1 

i 

I 

t 

li 
ISevere: 
U 

i 

! 

! 

l 

| wetness. 
1 
1 
i 
I 


Local roads 
and streets 


e 
shrink-swell, 
low strength, 
ponding. 


Moderate: 
slope. 


vere: 
ow strength. 


20 


vere: 
ow strength. 


مہ ے 


Severe: 
1 


Severe: 
lov strength, 
slope. 


Severe: 
low strength, 
frost action. 


slope. 


Severe: 
shrink-svell, 
low strength, 
ponding. 


Severe: 
low strength, 
frost action. 


Severe: 
low strength, 
frost action. 


Lawns and 
landscaping 


t 

LI 

Li 

li 

l 

LI 

J 

j] 

i 
'Severe: 
| ponding. 
i 

I 

I 

' 

1 

' 


derate: 
roughty, 


"neo 


slope. 


IModerate: 


| droughty. 
LI 


ISevere: 


droughty. 


wetness. 


Moderate: 


I 

' 

I 

I 

' 

' 

I 

I 

' 

Li 

U 

1 

i 

l Moderate: 
1 

1 

l 

l 

4 

1 

' 

| wetness. 
TI 
1 
t 
1 
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Soil name and 
map symbol 


Li 

d Shallow 

| excavations 
I 
1 
1 


TABLE 10.--BUILDING SITE DEVELOPMENT--Continued 


Dvellings 


vithout vith 


Dwellings 


Small 
commercial 


Local roads 
and streets 


Soil Survey 


Lawns and 
landscaping 


basements basements buildings 


135--------------- ISevere: Severe: evere: 
Coland | wetness. flooding, flooding, 
! wetness. wetness. 
| | 
138B-------------- IS1ight--------- IS1ight--------- ISlight------- 
Clarion | ! ! 
1 1 li 
138C2------------- ISlight--------- ISlight--------- IS1ight------- 
Clarion i ! 
LI 
LI 1 I 
138D2------------- IModerate: 'Moderate: Moderate: 
Clarion | slope. i slope. | slope. 
1 l 
| ! 
174, 174B--------- ISevere: iSlight--------- iSlight------- 
Bolan | cutbanks cave.| i 
I I t 
I 1 I 
221--------------- ISevere: ISevere: ISevere: 
Palms | excess humus, | subsides, | subsides, 
| ponding. | ponding, | ponding, 
I | low strength. | low strength. 
1 l I 
l ! ' 
224--------------- ISevere: ¡Moderate: ISevere: 
Linder | cutbanks cave, | wetness. | wetness. 
! wetness. | i 
I I ' 
1 I i 
236B-------------- ISlight--------- IModerate: IModerate: 
Lester I | Shrink=swell. | shrink-swell. 
U LI £ 
t LI l 
236C2------------- iISlight--------- IModerate: 'Moderate: 
Lester ! | shrink-swell. | shrink-svell. 
I 1 
| | | 
236D2------------- IModerate: IModerate: IModerate: 
Lester | slope. | shrink-swell, ! slope, 
I | slope. | shrink-swell. 
I t 
' ' t 
236F-------------- | Severe: I Severe: Severe: 
Lester ¦ slope. | slope. ¦ slope. 
LI I l 
| | x 
259--------------- ISevere: iSevere: ISevere: 
Biscay ¦ cutbanks cave,! wetness. | wetness. 
! wetness. i 
L 1 I 
7 ' l 
274--------------- ¡Severe: ¡Severe: ¡Severe: 
Rolfe | ponding. | ponding, | ponding. 
I | shrink-svell. | 
i ! | 
| | 
288--------------- 'Severe: IModerate: 'Severe: 
Ottosen | wetaess. | wetness, | wetness. 
I | shrink-svell. | 
' l L 
4 l I 
308, 308B--------- ISevere: ISlight--------- ISlight------- 
Wadena | cutbanks cave. | I 
I li LI 
| I I 
335--------------- {Severe ¡Severe: ¡Severe 
Harcot | cutbanks cave,| flooding, | flooding, 
| wetness. | wetness. | wetness. 
| i 
LI “ ' 


EE SET 009 


vere: 
looding, 
wetness. 


ma 


Moderate: 
slope. 


Severe: 
slope. 


subsides, 
ponding, 
low strength. 


Moderate: 
wetness. 


Moderate: 
shrink-svell. 


Moderate: 
shrink-svell, 
slope. 


Severe: 
slope. 


Severe: 
Slope. 


Severe: 
wetness, 


Severe: 
ponding, 
shrink-swell. 


Moderate: 
wetness, 
shrink-swell. 


flooding, 
wetness. 


Severe: 

low strength, 
flooding, 
frost action. 


IModerate: 
frost action. 


Moderate: 
frost action. 


Moderate: 
slope, 
frost action. 


iModerate: 
frost action. 


Severe: 
ponding, 
frost action, 
subsides. 


Severe: 
frost action. 


Severe: 
low strength. 


Severe; 
low strength. 


Severe: 
low strength. 


Severe: 
low strength, 
slope. 


Severe: 
low strength, 
frost action. 


Severe: 
shrink-swell, 
low strength, 
ponding. 


Severe: 
frost action, 
low strength. 


Moderate: 
wetness, 
flooding. 


Slight. 
Slight. 


Moderate: 
slope. 


Slight. 


Severe: 
ponding, 
excess humus. 


Slight. 


Slight. 


Slight. 


Moderate: 
slope. 


Severe: 
slope. 


Moderate: 
wetness. 


Severe: 
ponding. 


Slight. 


Slight. 


Moderate: 
wetness. 
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TABLE 10.--BUILDING SITE DEVELOPMENT--Continued 


Shallow 
excavations 


Soil name and 
map symbol 


' 

LI 

I 
348--------------- Severe: 
Fieldon | cutbanks cave, 

| wetness. 

t 

' 
384, 384B--------- ISevere 
Collinwood | wetness. 

| 
388--------------- iSevere 
Kossuth | wetness. 

I 

I 

| 
390--------------- | Severe 
Waldorf | wetness. 

| 
485B-------------- Moderate: 
Spillville | wetness. 

I 
506--------------- Severe: 
Wacousta | ponding. 

ji 

1 

LI 

| 
507--------------- | Severe 
Canis teo | wetness. 

۱ 

I 
Sll--------------- ¡Severe 
Blue Earth ! excess humus, 

| ponding. 

| 
524--------------- ¡Severe 
Linder | cutbanks cave, 

| wetness. 

LI 

1 
562D2------------- iModerate: 
Storden | Slope. 

| 

I 
562E2, 562F2------ ISevere 
Storden | slope. 

I 

I 
621--------------- ¡Severe 
Houghton | ponding, 

| excess humus. 

l 
640C2------------- !Slight--------- 
Sunburg i 

TI 

LI 
640D2------------- IModerate: 
Sunburg | slope. 

| 
640E2, 640F2------ | Severe: 
Sunburg | slope. 


Dwellings 
without 


Severe: 
wetness. 


Severe: 
shrink-svell. 


Severe: 
vetness, 
shrink-swell. 


Severe: 
wetness, 
shrink-swell. 


Moderate: 
shrink-swell. 


Severe: 
ponding, 
shrink-swell. 


Severe: 
wetness. 


Severe: 
ponding, 
low strength. 


Moderate: 
wetness. 


Moderate: 
slope. 


Severe: 
subsides, 
ponding, 
low strength. 


Moderate: 
slope. 


Severe: 
slope. 


s 


s 


s 


S 


M 


S 


S 


S 


S 


Dwellings 
with 


evere: 
wetness. 


evere: 
vetness, 
shrink-swell. 


evere: 
wetness. 


evere: 
vetness, 
shrink-svell. 


oderate: 
vetness, 
shrink-svell. 


evere: 
ponding. 


evere: 
vetness. 


evere: 
ponding. 


evere: 
vetness. 


Moderate: 


s 


s 


M 


s 


slope. 


evere: 
subsides, 
ponding, 
low strength. 


light--------- 


oderate: 
slope. 


evere: 
slope. 


Small 
commercial 


Severe: 
wetness. 


Severe: 
shrink-swell. 


Severe: 
wetness, 
shrink-swell. 


Severe: 
wetness, 
shrink-swell. 


Moderate: 
shrink-swell. 


Severe: 
ponding, 
shrink-swell. 


Severe: 
wetness. 


Severe: 
ponding, 
low strength. 


Moderate: 
wetness. 


Severe: 
subsides, 
ponding, 

low strength. 
IModerate: 
slope. 


Local roads 
and streets 


vere: 


Ha ® 


rost action. 


Severe: 
low strength, 
shrink-swell. 


Severe: 
low strength, 
frost action, 
shrink-swell. 


Severe: 
shrink-swell, 
low strength, 
wetness. 


vere: 
ow strength. 


=m 


1 

' 

l 

l 

i 

l 

l 

l 

1 

1 

1 

t 

t 

TI 

TI 

I 

I 

U 

1 

I 

l 

1 

I 

1 

1 

1 

1 

LI 

1 

1 

1 

I 

I 

U 

i 

I 

LI 

I 

' 

I 

I 

l 

I 

' 

I 

I 

I 

I 

I 

I 

d 
ISevere: 
| low strength, 
¦ ponding, 

| frost action. 
l 

1 
ISevere: 

1 
1 
l 
1 
l 
I 
l 
I 
{ 
I“ 
I 
I 
1 
pi 
I 
I 
LI 
I 
U 
I 
1 
l 
l 
l 
t 
I 
I 
I 
i 
I 
I 
I 
٦ 
1 
I 
l 
l 
l 
t 
LI 
1 
1 
t 
t 
| 
1 
I 
I 
I 
I 
t 
li 
I 
1 
t 
| 
l 
1 
+ 
I 
I 
l 
l 
li 
l 


ow strength, 
rost action. 


rco 


e 

low strength, 
ponding, 
frost action. 


vere: 
rost action. 


mo 


Moderate: 
slope, 
frost action. 


Severe: 
slope. 


Severe: 
subsides, 
ponding, 
frost action. 


Moderate: 
frost action. 


Moderate: 
slope, 
frost action. 


Severe: 
slope. 


t 
LI 
1 
i 
1 basements basements buildings 
' 
' 
i 
t 
I 
U 


LI 
U 
1 
U 
I 
l 
LI 
' 
I 
1 
I 
' 
' 
LI 
U 
t 
I 
Li 
! 
I 
i 
y 
' 
' 
I 
I 
' 
' 
' 
' 
' 
I 
1 
٦ 
li 
I 
' 
LI 
LI 
٦ 
t 
! 
I 
LI 
LI 
LI 
LI 
LI 
' 
' 
1 
' 
' 
' 
' 
' 
[| 
1 
t 
Li 
, 
' 
' 
Li 
LI 
' 
LI 
LI 
' 
LI 
' 
' 
' 
' 
LI 
1 
I 
' 
' 
! 
V 
li 
I 
' 
1 
٦ 
I 
1 
1 
I 
I 
1 
1 
' 
1 
I 
I 
I 
' 
1 
1 
I 
TI 
1 
I 
LI 
t 
I 
I 
I 
I 
I 
4 
I 
I 
I 
LI 
LI 
I 
LI 
' 
1 
I 
t 
[| 
1 
I 
I 
I 
4 
TI 
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Lawns and 
landscaping 


Moderate: 
wetness. 


Slight. 


Moderate: 
wetness. 


Severe: 
wetness, 
too clayey. 


Slight. 


Severe: 
ponding. 


Moderate: 
wetness. 


Severe: 
ponding. 


Slight. 


Moderate: 
slope. 


Severe: 
slope. 
Severe: 


excess humus, 
ponding. 


Slight. 


Moderate: 
slope. 


Severe: 
slope. 
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TABLE 10.--BUILDING SITE DEVELOPMENT--Continued 


Shallow 
excavations 


I 
Soil name and | 
map symbol | 
1 

i 

I 


641B*: 
Clarion---------- ISlight--------- 
| 
Sunburg---------- ISlight--------- 
! 
! 
641C2*: I 
Clarion---------- iSlight--------- 
! 
1 
Sunburg---------- jSlight--------- 
| 
641D2*: I 
Clarion---------- IModerate: 
| slope. 
i 
I 
Sunburg---------- | Moderate: 
¦ slope. 
i 
i 
641E2*: t 
Clarion---------- 'Severe: 
| slope. 
l 
l 
Sunburg---------- 'Severe: 
! slope. 
| 
I 
642D2*: i 
Sunburg---------- 'Moderate: 
| slope. 
' 
i 
Salida----------- | Severe: 
| cutbanks cave. 
I 
I 
654--------------- ¡Severe 
Corwíth | wetness. 
| 
| 
655--------------- ¡Severe 
Crippin | wetness. 
| 
658, 659---------- 'Severe: 
Mayer | wetness, 
| cutbanks cave. 
L 
I 
787B-------------- iModerate: 
Vinje | too clayey. 
l 
i 
787C2------------- (Moderate: 
Vinje | too clayey. 
| 
8ll--------------- ISevere: 
Muskego excess humus, 


l 
1 
| ponding. 
i 
1 


See footnote at end of table. 


i 
I 
I 
H 
I 
LI 
٦ 
' 
LI 
٦ 
I 
! 
! 
4 
I 
I 
I 
I 
I 
I 
d 
I 
1 
! 
٦ 
1 
I| 
I 
I 
I 
I 
I 
I 
[i 
I 
! 
1 
' 
' 
LI 
U 
' 
k 
' 
, 
H 


I 
' 
[| 
[| 
I 
I 
' 
' 
I 
I 
' 
' 
' 
' 
H 
1 
LI 
t 
1 
' 
' 
' 
' 
I 
I 
I 
1 
' 
I 
I 
t 
I 
' 
' 
1 
LI 
I 
I 
' 
li 
' 
! 
' 
' 
1 
i 


Dwe 
wi 


llings 
thout 


basements 


Slight 


Slight 


Modera 
slope 


Modera 
slope 


slope 


Modera 
slope 


Modera 
slope 


Modera 
wetne 


Modera 
wetne 


Severe 
wetne 


Modera 
shrin 


Modera 
shrin 


Severe 
pondi 
s 


ubsi 


te: 


te: 


D 


te: 


te: 


te: 
ss. 


te: 
ss. 


SS. 


te: 
k-swell. 


te: 
k-swell. 


ng, 
des. 


Dwellings 
with 


ISlight--------- 


Moderate: 
Slope. 


Moderate: 
slope. 


Severe: 
slope. 


Severe: 
slope. 


Moderate: 
slope. 


Moderate: 
slope. 


Severe: 
wetness. 


Severe: 
wetness. 


Moderate: 
shrink-svell. 


Moderate: 
shrink-svell. 


Severe: 
ponding, 
subsides. 


Small 
commercial 


I 
IS1ight--------- 


Moderate: 
! slope. 


4 
'Moderate: 


¦ slope. 
t 


Severe: 
s 


lope. 


Severe: 
slope. 


Severe: 
slope. 


Severe: 
s 


Severe: 
s 


o 
wetness. 


Moderate: 
wetness. 


Severe: 
wetness. 


Moderate: 
shrink-swell. 


Moderate: 
shrink-svell, 
slope. 


Severe: 
ponding, 
subsides. 


1 
I 
1 
1 
I 
' 
LI 
' 
! 
1 
I 
I 
I 
I 
i 
I 
U 
I 
' 
I 
l 
I 
1 
I 
t 
1 
LI 
1 
r 
' 
! 
) 
l 
i 
! 
y 
i 
l 
U 
' 
1 
l 
ISevere: 
1 
1 
I 
I 
1 
i 
I 
I 
I 
i 
I 
I 
I 
LI 
I 
I 
I 
L 
L 
LI 
1 
I 
I 
I 
I 
I 
1 
' 
1 
I 
1 
1 
' 
l 
' 
LI 
t 
I 
' 
I 
l 
' 
1 
I 
' 
L] 
l 
1 


Local roads 
and streets 


i I l 1 
i I i | 
| | | | 
I |!  basements | buildings | 
! | | | 
| | | | 
1 I I 


I 
IModerate: 
! frost action. 


LI 
¡Moderate: 
frost action. 


Moderate: 
frost action. 


Moderate: 
frost action. 


Moderate: 
slope, 
frost action. 


Moderate: 
slope, 
frost action. 


Moderate: 
slope, 
frost action. 


Moderate: 
slope. 


Severe: 
frost action. 


Severe: 
frost action, 
low strength. 


Severe: 
frost action. 


Severe: 
low strength. 


Severe: 
low strength. 


Severe: 
subsides, 
ponding, 
frost action. 


Soil Survey 


Lawns and 
landscaping 
Slight. 


Slight. 


Slight. 


Slight. 


Moderate: 
slope. 


slope. 


Severe: 
58 


1 
LI 
l 
I 
t 
£ 
li 
I 
I 
1 
I 
1 
I 
I 
I 
IModerate: 
I 
' 
ll 
V 
1 
1 
LI 
LI 
t 
li 
! lope. 


Severe: 
slope. 


Moderate: 
slope. 


Severe: 
droughty. 


Slight. 


Slight. 


Moderate: 
wetness. 


Slight. 


Slight. 


Severe: 
ponding, 


I“ 
I 
I 
t 
I 
t 
t 
۲ 
li 
li 
L| 
I 
1 
l 
I 
t 
1 
1 
' 
I 
d 
I 
' 
1 
i 
i 
' 
I 
I 
' 
! 
LI 
' 
' 
' 
LI 
1 
1 
1 
I 
l 
1 
i 
I 
TI 
' 
I 
t 
F 
l 
| 
1 
l 
I 
i 
I 
I 
I 
l 
l 
1 
| excess humus. 
I 

1 

I 

i 


Hancock County, lowa 


Soil name and 


map symbol 


823, 823B------- 


Ridgeport 


Biscay 


1339, 1339B----- 


Truman 


Wacousta 


TABLE 10.--BUILDING SITE DEVELOPMENT--Continued 


Shallow 
excavations 


Severe: 
cutbanks cave. 


| slope. 
i 
I 
I 


ISevere: 
| wetness. 
' 

U 

LI 

1 

1 

LI 

Severe: 
wetness, 


i Severe: 


ponding. 


ı Severe: 
wetness. 


Moderate: 


¦ too clayey. 
I 
I“ 
ISevere: 


| wetness. 


excess humus, 


LI 

1 

LI 

1 

1 

i 
ISevere: 
I 

I 

| ponding. 
I 

' 

1 


cutbanks cave, 
ponding. 


cutbanks 


1 

1 

1 

l 

I 

1 
Severe: 
! cave. 
I 

' 

' 


ISevere: 


| cutbanks cave, 


LI 
| ponding. 
i 
LI 
LI 


See footnote at end of table. 
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I 
' 
' 
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I 
' 
' 
' 
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I 
I 
I 
l 
t 
1 
1 
TI 
i 
I 
' 
1 
' 
H 
I 
I 
' 
LI 
I 
LI 
U 
t 
٦ 
I 
i 
H 
I 
1 
! 
I 
1 
I 
I 
I 
l 
I 
٦ 
LI 
I 
1 
) 
i 
٦ 
I 
٦ 
LI 
LI 
' 
t 
! 
li 
1 


Dwellings 
without 
basements 


Moderate: 
shrink-swell. 


Moderate: 
shrink-swell. 


Moderate: 
shrink-swell, 
slope. 


Moderate: 
wetness. 


Severe: 
wetness, 


Severe: 
ponding, 
shrink-svell. 


Severe: 
wetness. 


Moderate: 
shrink-svell. 


Moderate: 
shrink-swell. 


Severe: 
flooding, 
wetness. 


Severe: 
subsides, 
ponding, 
low strength. 


Severe: 
ponding. 


Moderate: 
shrink-swell. 


Severe: 
flooding, 
ponding, 
shrink-swell, 


I 

| Dwellings 
! with 

f basements 
4 
1 


I 
|Slight----=-==- 


Moderate: 
shrink-swell. 


Moderate: 
shrink-svell. 


Moderate: 
slope, 
shrink-svell. 


Severe: 
wetness. 


Severe: 
wetness. 


Severe: 
ponding, 
shrink-svell. 


Severe: 
vetness. 


Moderate: 
shrink-svell. 


Severe: 
flooding, 
wetness. 


Severe: 
subsides, 
ponding, 
low strength. 


Severe: 
ponding. 


Moderate: 
shrink-swell. 


Severe: 
flooding, 


t 
t 
I 
LI 
i 
LI 
U 
l 
I 
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| 
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t 
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L 
' 
1 
1 
1 
l 
t 
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٦ 
' 
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1 
٦ 
V 
I 
I 
l 
TI 
I 
I 
Li 
1 
I 
I 
1 
I 
1 
1 
| ponding. 
I 

i 

I 

1 


t 

| Small 

! commercial 
I buildings 
| 
LI 
LI 


Moderate: 
shrink-swell. 


Moderate: 
shrink-swell, 
slope. 


Severe: 
slope. 


Moderate: 
wetness, 


Severe: 
wetness, 


Severe: 
ponding, 
shrink-swell. 


Severe: 
wetness. 


IModerate: 


shrink-svell. 


Moderate: 
shrink-svell. 


Severe: 
flooding, 
wetness. 


' 
' 
I 
TI 
l 
t 
' 
t 
I 
I 
1 
+ 
| 
l 
l 
1 
I 
Li 
i 
ISevere: 
| subsides, 
i ponding, 
| low strength. 
! 
U 
l 
I 
l 
l 
l 
1 
٦ 
TI 
' 
TI 
I 
! 
I 
t 
1 
1 
1 
| 
1 
l 
I 
I 
1 
LI 
A 
' 


Severe: 
ponding. 


Moderate: 
shrink-swell. 


Severe: 
flooding, 
ponding, 
shrink-swell. 


t 

¦ Local roads 
| and streets 
l 
l 
I 
i 
{ 


‘Severe: 
low strength. 


Severe: 
low strength. 


Severe: 
low strength. 


Severe: 
frost action, 
low strength. 


Severe: 
low strength, 
£ 


rost action. 


Severe: 
shrink-svell, 
lov strength, 
ponding. 


Severe: 
frost action, 
low strength. 


Severe: 
low strength. 


Severe: 
low strength. 


Severe: 
low strength, 
flooding, 
frost action. 


Severe: 
subsides, 
ponding, 
frost action. 


Severe: 
low strength, 
ponding, 


Severe: 
low strength, 
frost action. 


Severe: 
shrink-swell, 
low strength, 


l 
l 
f 
l 
I 
LI 
I 
I 
LI 
' 
' 
H 
t 
i 
i 
t 
I 
٦ 
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LI 
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í 
LI 
LI 
' 
U 
U 
LI 
I 
LI 
i 
| ponding. 
' 

LI 
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Lawns and 
landscaping 


'Moderate: 


droughty. 
Slight. 


Slight. 


Moderate: 
Slope. 


Slight. 


Moderate: 
wetness. 


Severe: 
ponding. 


Moderate: 
wetness. 


Slight. 


Severe: 
flooding. 


Severe: 
ponding, 
excess humus. 


Severe: 
ponding. 


Slight. 


Severe: 
ponding. 
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TABLE 10.--BUILDING SITE DEVELOPMENT--Continued 


I I LI l LI 
Soil name and | Shallow | Dwellings | Dwellings I Small | Local roads | Lawns and 
map symbol ¦ excavations | without ' with | commercial i and streets | landscaping 
I | basements i basements | buildings | I 
1 l LI LI I I 
| | x | | | 
1507-------------- 'Severe: ISevere: ISevere: ¡Severe: ¡Severe: IModerate: 
Brownton | wetness. | wetness, | wetness. | wetness, | low strength, | wetness. 
i | shrink-svell. | | shrink-swell. | frost action, | 
1 | ! ! shrink-svell. i 
I 1 LI t I I 
1595-------------- 'Severe: |Severe: iSevere Severe: Severe: | Severe: 
Harpster ¦ ponding. | ponding. | ponding. | ponding. | low strength, ! ponding. 
r 1 I I LI l 
' I I ' 1 ponding, I 
| | | i ! frost action. | 
l ۴ I ' ' ! 
1733-------------- ISevere: ISevere: ISevere: ISevere: 'Severe: 'Severe: 
Calco | wetness. | flooding, | flooding, | flooding, | shrink-swell, | flooding. 
' | wetness, | wetness, | wetness, | low strength, | 
shrink-swell. ! shrink-swell. ! shrink-swell. ! flooding. I 
U 
l I I I 1 | 
2222-------------- ISevere: ISevere: ISevere: ISevere: ISevere: ISevere: 
Adrian | cutbanks cave,| subsides, | subsides, | subsides, | subsides, | ponding, 
| excess humus, | ponding, | ponding. | ponding, | ponding, | excess humus. 
ponding. low strength. | ! low strength. ! frost action. ! 
I | LI 1 l I 
4000*. i I I ' l i 
Urban land ! I ! | ! ۱ 
i ' i I i i 
50104. i i ' ' i i 
Pits i i ' i i i 
i i ' I i i 
5040*. i ' I I i i 
Orthents d l I I j 
' U ' l I LI 
1 1 LI 1 1 l 


* See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 11.--SANITARY FACILITIES 


(Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of 
"slight," "good," and other terms. Absence of an entry indicates that the soil was not rated. The 
information in this table indicates the dominant soil condition but does not eliminate the need for 
onsite investigation) 


I l LI I 1 
Soil name and | Septic tank | Sewage lagoon | Trench i Area { Daily cover 
map symbol | absorption ۱ areas I sanitary I sanitary | for landfill 
۱ fields ۱ | landfill ! landfill ! 
l l 1 7 l 
| | | ! | 
6------- --- ISevere: 'Severe: ISevere: ISevere: ¡Poor: 
Okoboji | ponding, | ponding. | ponding, | ponding. | too clayey, 
| peres slowly. i | too clayey. I | hard to pack, 
| | ! j 1 ponding. 
1 Li U L 4 
28, 28B------------- ISevere: iSevere: ISevere: ISevere: 'Poor: 
Dickman | poor filter. | seepage. | seepage, | seepage. | seepage, 
I I | too sandy. | | too sandy. 
I t LI ' I 
1 l I U l 
28D2---------------- iSevere: 'Severe: 'Severe: ISevere: {Poor 
Dickman | poor filter. | seepage, | seepage, 1 seepage. | seepage, 
| ! slope. | too sandy. I | too sandy. 
' V LI 
1 I 1 I I 
52B----------------- (Moderate: IModerate: 'Moderate: iSlight----------- 'Fair 
Bode l percs slowly. | seepage, | too clayey. i | too clayey. 
| | slope. I i ! 
| | | | | 
52C2---------------- iModerate: 'Severe: 'Moderate: ISlight----------- Fair: 
Bode | percs slowly. | slope. | too clayey. 1 | too clayey. 
I I L r I 
LI LI LI I I 
52D2---------------- IModerate: ISevere: IModerate: 'Moderate: Fair: 
Bode | peres slowly, | Slope. | slope, | slope. | too clayey, 
| Slope. | | too clayey. l | slope. 
1 ! I I I 
I t l I 1 
52E2---------------- ¡Severe \Severe: ISevere: ISevere: IPoor: 
Bode | slope. ¦ slope ' slope. ¦ slope. | slope. 
I LI I I I 
I l l I 1 
55------------------ iSevere 'Severe: 'Severe: ISevere: 'Fair: 
Nicollet | wetness. | wetness. | wetness. | wetness. | wetness. 
t LI 1 r t 
l l LI I I 
72, 72B------------- 'Severe: 'Severe: ISevere: \Severe: (Poor: 
Estherville | poor filter. | seepage. | seepage, | seepage. | seepage, 
۱ ' | too sandy. I | too sandy, 
1 ' i ! | small stones. 
I I! l TI 1 
U I 1 t i 
72C2, 72D2---------- | Severe: Severe: Severe: Severe: | Poor 
Estherville | poor filter. | seepage, | seepage, ¦ seepage. | seepage, 
! | slope. | too sandy. H | too sandy, 
| ! I ! ! small stones. 
I i 
1 I I I I 
73C2---------------- ISevere: 'Severe: \Severe: iSevere: ¡Poor 
Salida | poor filter. | seepage, | seepage, | seepage. | seepage, 
| | slope. | too sandy. ۱ | too sandy, 
d ! ! I | small stones. 
I F l LI | 
LI 1 I l I 
90------------ سد مہ‎ ¡Severe: ISevere: \Severe: ISevere: 'Poor: 
Okoboji | ponding, | ponding. | ponding, | ponding. | too clayey, 
| percs slowly. | | too clayey. i | hard to pack, 
| i i i | ponding. 
| | | | | 
کہ و ت95‎ es seas Severe: ¡Severe: ¡Severe: ¡Severe: iPoor: 
Harps | wetness. | wetness. | wetness. | wetness. | hard to pack, 
i ' i i ! wetness. 
i ' I i i 
107----------------- ISevere: 'Severe: 'Severe: ¡Severe: | Poor: 
! wetness. ! wetness. | wetness. | wetness. 
[ I 1 


Webster | wetness. 
l 
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TABLE 11.--SANITARY FACILITIES--Continued 


Septic tank 


1 

Soil name and d 
| absorption 
i 


map symbol 


areas 


Sewage lagoon 


Trench 
sanitary 


Area 
sanitary 


Soil Survey 


Daily cover 
for landfill 


fields landfill landfill 


l35----------------- ¡Severe: 
Colaná | flooding, 

| wetness. 

| 
138B---------------- iISlightez---------- 
Clarion H 

l 

' 
138C2--------------- !S1ight----------- 
Clarion d 

I 

l 
138D2--------------- IModerate: 
Clarion | slope. 

r 

t 
174, 174B----------- ISevere: 
Bolan | poor filter. 

| 
221----------------- ¡Severe: 
Palms | subsides, 

| ponding. 

| 
224----------------- iSevere: 
Linder | wetness, 

| poor filter. 

| 
236B---------------- IModerate: 
Lester | percs slowly. 

| 
236C2--------------- IModerate: 
Lester | percs slowly. 

' 

' 
236D2--------------- iModerate: 
Lester | percs slowly, 

| slope. 

LI 

1 
236F---------------- iSevere: 
Lester | slope. 

L 

1 
259----------------- ¡Severe: 
Biscay | wetness, 

| poor filter. 

| 
274----------------- ¡Severe: 
Rolfe i ponding, 

| percs slowly. 

1 

' 
288----------------- ISevere: 
Ottosen | percs slowly, 

| wetness. 

I 

I 
308, 308B----------- ISevere: 
Wadena poor filter. 


[ 
٦ 
li 
l 
1 
' 
I 
1 


Severe: 
seepage, 
flooding, 
wetness. 

Moderate: 

¦ slope, 

! seepage. 

' 


Severe: 
s 


Severe: 
seepage, 
excess humus, 
ponding. 


Severe: 
seepage, 
wetness. 


Severe: 
seepage, 
wetness. 


Severe: 
ponding. 


Severe: 
wetness. 


Severe: 
seepage. 


Severe: 
flooding, 
seepage, 
wetness, 


Moderate: 
slope. 


Severe: 
seepage, 
too sandy. 


Severe: 
Seepage, 
wetness, 
too sandy. 


Moderate: 
too clayey. 


Moderate: 
too clayey. 


Moderate: 
slope, 
too clayey. 


Severe: 
ponding. 


Severe: 
wetness. 


Severe: 
seepage, 
too sandy. 


Severe: 
flooding, 
wetness. 


Moderate: 
slope. 


Severe: 
seepage, 


Severe: 
ponding, 
seepage. 


Severe: 
seepage, 
wetness. 


Moderate: 
slope. 


Severe: 
slope. 


Severe: 
seepage, 
wetness. 


Severe: 
ponding. 


Severe: 
wetness. 


Severe: 
seepage. 


Poor: 
wetness. 


seepage, 
small stones, 
t 


too clayey. 


Fair: 
too clayey, 
slope. 


Poor: 
slope. 


Poor: 
seepage, 
too sandy, 
wetness. 


Poor: 
ponding. 


Fair: 
vetness. 


Poor: 

seepage, 

too sandy, 
small stones. 


Hancock County, lowa 


TABLE 11.--SANITARY FACILITIES--Continued 


V ' 1 LI { 
Soil name and | Septic tank | Sewage lagoon | Trench I Area | Daily cover 
map symbol i absorption I areas | sanitary 1 sanitary | for landfill 
H fields I ! landfill i landfill n 
I I I 1 I 
i i i I i 
335---------------- {Severe ‘Severe: ‘Severe: ISevere: | Poor: 
Harcot | wetness, ¦ seepage, ¦ seepage, | seepage, | seepage, 
| poor filter. | wetness. | wetness, | wetness. | too sandy, 
i i | too sandy. I | wetness. 
I I ' I U 
1 1 ' I I 
348---------------- 'Severe: 'Severe 'Severe: 'Severe: 'Poor: 
Fieldon | wetness, | seepage, | seepage, | seepage, | too sandy, 
| poor filter. | wetness. | wetness, | wetness. | wetness. 
d | ' too sandy. | \ 
i i ) i i 
384----------------- Severe: ISlight----------- 'Severe: ‘Severe: !Poor: 
Collinwood | wetness, H | wetness, | wetness. | too clayey, 
| percs slowly. H ¦ too clayey. ' ' hard to pack. 
U LI I LI l 
I I I I I 
384B---------------- ISevere: 'Moderate: 'Severe: 'Severe: 'Poor: 
Collinwood | wetness, | slope. ! wetness, | wetness. | too clayey, 
| percs slowly. d | too clayey. | | hard to pack. 
I 1 1 I LI 
l l 1 1 ' 
388----------------- ISevere: ISevere: 'Severe: {Severe: Poor: 
Kossuth | wetness, | wetness. | wetness. | wetness. | wetness. 
! percs slowly. | I I i 
' t LI I l 
' LI t U 1 
390----------------- ISevere: 'Severe: 'Severe: 'Severe: 'Poor: 
Waldorf | wetness, | wetness. | wetness, | wetness. Í too clayey, 
| peres slowly. | | too clayey. ' | hard to pack, 
| l | I ¦ wetness. 
I l 1 TI I 
I | l i ' 
485B---------------- Severe: Severe: 'Severe: \Severe: Fair: 
Spillville | wetness. | seepage, ¦ seepage, | wetness. | wetness. 
¦ wetness. | wetness. l ! 
li 1 U 1 TI 
I l l 1 I 
506----------------- ISevere: \Severe: ¡Severe: 'Severe: 'Poor: 
Wacousta | ponding. | ponding. | ponding. | ponding. | ponding. 
t li 1 I 
l l l Li LI 
507----------------- \Severe: ISevere: 'Severe: 'Severe: Poor: 
Canisteo | wetness. | wetness. | wetness. | wetness. | wetness. 
l 1 t I 1 
' I U L 1 
5ll----------------- | Severe: Severe: 'Severe: iSevere: 'Poor: 
Blue Earth | ponding. | ponding. | ponding, | ponding. ' hard to pack, 
i | excess humus. ! ! ponding. 
1 ' 
I t TI LI I 
524----------------- ISevere: 'Severe: 'Severe: 'Severe: ! Poor: 
Linder | wetness, | seepage, | Seepage, I seepage, | seepage, 
| poor filter. | wetness, | wetness, | wetness. | small stones, 
I | | too sandy. i 1 too sandy. 
1 I] 1 LI I 
' l 1 I TI 
562D2--------------- IModerate: ‘Severe: IModerate: 'Moderate: 'Fair: 
Storden | slope. | slope. | slope. ! slope. | slope. 
1 t I [| 
i I t TI I 
562E2, 562F2-------- Severe: Severe: | Severe: | Severe: ! Poor: 
Storden ! slope. | slope. ¦ slope. | slope. ¦ slope. 
, LI U I 
I l 1 LI I 
621----------------- ISevere: ISevere: ISevere: ISevere: Poor: 
Houghton | subsides, | seepage, | ponding, | ponding, | ponding, 
i ponding, i ponding, | excess humus. | Seepage. | excess humus. 
percs slowly. | excess humus. 1 I ! 
' ' 
' ' 1 i i 
640C2--------------- ISlight----------- ISevere: Severe: Severe: Fair: 
Sunburg I | seepage, | seepage. | seepage. | small stones. 
I ! ' 
' i i 
' 1 ' 


i 1 
i | slope. 
I“ ۲ 
I“ l 
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Soil name and 


map 


Sunburg 


640E2, 6 
Sunburg 


641B*; 
Clarion 


Sunburg 


641C2*: 
Clarion 


Sunburg 


641D2*: 
Clarion 


Sunburg 


641E2*: 
Clarion 


Sunburg 


642D2*: 
Sunburg 


Salida- 


Crippin 


658, .659 
Mayer 


symbol 


40F2-------- 


I 
1 
I 
I 
I 
! 
I 
H 
I 
l 
LI 
LI 
I 
I 
LI 
LI 


TABLE 11.--SANITARY FACILITIES--Continued 


Septic tank 
absorption 
fields 


Moderate: 
slope. 


Severe: 
slope. 


Moderate: 
Slope. 


Moderate: 
slope. 


Severe: 
slope. 


Moderate: 
slope, 


Severe: 
poor filter. 


wetness. 
Severe: 


wetness. 


wetness, 
poor filter. 


See footnote at end of table. 


Sewage lagoon 
areas 


l 

l 

U 

l 

| 

li 

i 

I 

ISevere: 

| seepage, 
| slope. 
I 

l 
ISevere: 
I 
I 
I 
I 
l 
I 
I 


seepage, 
slope, 


'Moderate: 
| slope, 

| seepage. 
Li 

I 

t 


slope. 


slope. 


eepage, 
lope. 


vere: 
eepage, 


un o ما ما‎ 


Trench 
sanitary 
landfill 


Severe: 
seepage. 


Severe: 
seepage, 
slope. 


Severe: 
seepage, 


Moderate: 
slope. 


Severe: 
seepage. 


Severe: 


Severe: 
seepage. 


Severe: 
seepage, 
too sandy. 


Severe: 
wetness, 


Severe: 
wetness. 


Severe: 
wetness, 
seepage, 
too sandy. 


ua 
e 
o 
kel 
D 


Area 
sanitary 
landfill 


Severe: 
seepage, 
slope. 


e 
na 
< 
o 
D 
o 


eepage. 


Severe: 
seepage. 


Severe: 
slope. 


Severe: 
seepage, 
slope. 


Severe: 
seepage. 


Severe: 
seepage. 


Severe: 
wetness. 


Severe: 
wetness. 


Severe: 
wetness, 
seepage. 


Soil Survey 


Daily cover 
for landfill 


air: 
small stones, 
slope. 


1 
| 
! 
IFair: 
I Small stones. 
| 
I 


Fair: 
small stones. 


ry 
D 
Co 
D 


small stones, 
slope. 


Poor: 


Fair: 
small stones, 
Slope. 


Poor: 


s 
too sandy, 
small stones. 


Fair: 
wetness. 


a 


air: 
wetness. 


"d 
e 
° 
wl 


wetness, 
too sandy, 
seepage. 


Hancock County, lowa 


Soil name and 
map symbol 


Muskego 


823, 823B----------- 
Ridgeport 


Kamrar------------- 


TABLE 11.--SANITARY FACILITIES--Continued 


Septic tank 
absorption 
fields 


Severe: 
percs slowly. 


Severe: 
percs slowly. 


Severe: 
ponding, 
subsides. 


Severe: 
poor filter. 


Severe: 
wetness. 


Severe: 
wetness. 


ponding, 
percs slowly. 


Severe: 
wetness. 


Moderate: 
percs slowly. 


ISevere: 


percs slowly. 


Severe: 
flooding, 
wetness. 


Severe: 
subsides, 
ponding, 
percs slowly. 


See footnote at end of table. 


Sewage lagoon 
areas 


Moderate: 
seepage, 
slope. 


Severe: 
slope. 


Severe: 
seepage, 
excess humus, 
ponding. 


Severe: 
seepage. 


Moderate: 
seepage, 
slope. 


Severe: 
slope. 


Severe: 
slope. 


Severe: 
wetness. 


Severe: 
wetness. 


Severe: 
ponding. 


Severe: 
wetness. 


Moderate: 
seepage, 
slope. 


Moderate: 
seepage, 
slope. 


Severe: 
seepage, 
flooding, 
wetness. 


Severe: 
seepage, 
excess humus, 
ponding. 


Se 
t 
Se 
t 
Se 


p 
e 


Se 
s 


Trench 
sanitary 
landfill 


vere: 
oo clayey. 


vere: 
00 clayey. 


vere: 
onding, 
xcess humus. 


vere: 
eepage. 


Moderate: 
too clayey. 


Mo 
t 
Mo 
s 
t 
Se 


wi 


Se 


derate: 
oo clayey. 


derate: 
lope, 

oo clayey. 
vere: 
etness. 


vere: 


wetness. 


Se 


vere: 


ponding, 


t 


Se 
w 


Mo 
t 
Se 
t 


Se 
f 
S 


oo clayey. 


vere: 
etness. 


derate: 
oo clayey. 


vere: 
oo clayey. 


vere: 
looding, 
eepage, 


wetness. 


Se 
p 
e 


vere: 
onding, 
Xcess humus. 


Area 
sanitary 
landfill 


seepage, 
ponding. 


e 
flooding, 
wetness. 
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Daily cover 
for landfill 


too clayey, 
hard to pack. 


too clayey, 
hard to pack. 


Poor: 
hard to pack, 
ponding. 


or: 
hin layer. 


mo 


Poor: 
hard to pack. 


Fair: 
wetness. 


Poor: 
hard to pack, 
wetness. 


Poor: 

too clayey, 
hard to pack, 
ponding. 


Poor: 
wetness. 


too clayey, 
hard to pack. 


Poor: 
wetness. 


Poor: 
ponding, 
excess humus. 


174 Soil Survey 


TABLE 11.--SANITARY FACILITIES--Continued 


l 1 l I I 
Soil name and | Septic tank | Sewage lagoon | Trench ! Area | Daily cover 
map symbol | absorption I areas i sanitary i sanltary | for landfill 
I fields H i landfill I landfill i 
| | | | | 
I 
1259---------------- ISevere: 'Severe: (Severe: ISevere: IPoor: 
Biscay | ponding, | seepage, | seepage, | seepage, | seepage, 
l poor filter. | ponding. | ponding. | ponding. | too sandy, 
| ! ! ! | small stones. 
I I U I I 
1339, 1339B--------- iModerate: ISevere: Severe: iSlight----------- ¡Fair 
Truman | percs slowly. | seepage. | seepage. I | too clayey, 
i i i i | thin layer. 
| | | | | 
1506---------------- \Severe: ISevere: \Severe: \Severe: 'Poor: 
Wacousta | flooding, ¦ seepage, | flooding, | flooding, | too sandy, 
| ponding. | flooding, | seepage, ¦ seepage, | ponding. 
! ! ponding. ! ponding. ponding. ! 
' ' l V 1 
1507---------------- \Severe: iSevere: ‘Severe: (Severe: l Poor: 
Brownton ¦ wetness, | wetness. | wetness. | wetness. | wetness. 
| percs slowly. ! ! ! H 
' 
LI U l l ' 
1595---------------- ISevere: 'Severe: Severe: Severe: ! Poor: 
Harpster | ponding. | ponding. | ponding. | ponding. | hard to pack, 
1 I t t t 
! ! ! ! ! ponding. 
I [ ' 1 TI 
1733---------------- 'Severe: ISevere: ISevere: ‘Severe: Poor: 
Calco | flooding, | flooding, | flooding, | flooding, | wetness, 
| wetness. | wetness. ! wetness. ! wetness. | hard to pack. 
' 
l l TI t LI 
2222---------------- ISevere: ISevere: ISevere: ISevere: Poor: 
Adrian ¦ subsides, | seepage, | seepage, | seepage, | seepage, 
| ponding, | excess humus, | ponding, | ponding. | too sandy, 
| percs slowly. | ponding. ! too sandy. ! ! ponding. 
I l l I LI 
40001, i i i i i 
Urban land i | ! ! | 
I I t 1 | 
5010*, ! i ' i ' 
Pits ! ! i ! i 
i | I I i 
50404, ! i I i i 
Orthents | | ! ! ! 
1 0 0 0 LI 


* See description of the map unit for composition and behavior characteristics of the map unit. 


Hancock County, lowa 


TABLE 12.--CONSTRUCTION MATERIALS 


(Some terms that describe restrictive soil features are defined in the Glossary. 
"good," "fair," and other terms. 


onsite investigation) 


Soil name and 
map symbol 


Okoboji 
28, 28B, 28D2--------- 
Dickman 


52B, 52C2------------- 
Bode 


Nicollet 


72, 72B, 72C2, 72D2--- 
Estherville 


Coland 


138B, 138C2----------- 
Clarion 


174, 174B------------- 
Bolan 


Roadfill 


wetness, 
low strength. 


low strength, 
wetness. 


low strength, 
wetness, 
shrink-swell. 


Fair: 

I low strength, 
| wetness, 

! shrink-swell. 
I 

IFair: 

| wetness, 


Improbable: 
excess fines. 


i Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


t 
l 
1 
1 
' 
I 
1 
l 
1 
1 
[ 
I 
1 
I 
I 
U 
I 
LI 
1 
U 
' 
' 
li 
t 
' 
V 
' 
' 
1 
1 
LI 
LI 
1 
1 
l 
LI 
l 
1 
' 
I 
' 
' 
I 
1 
' 
' 
' 
t 
! 
U 
j 
I 
I 
l 
1 
I 
i 
l 
l 
1 
1 
4. 
t 
' 
[i 
t 
LI 
' 
TI 
I 
! 
l 
| 
| Improbable: 

! excess fines. 
t 

TI 


i Improbable: 
| excess fines. 
' 


TI 
| Improbable: 


! excess fines. 


5 
¡Probable========== 


Probable---------- 


Probable---------- 


Gravel 


Improbable: 
excess fines. 


ı Improbable: 
too sandy. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


| Improbable: 
| too sandy. 
1 
I 
k 


y 
¡Probable T--------- 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


LI 

, 

TI 

' 

li 

I 

! 

! 

1 

l 

i 

t 

U 

7 

' 

7 

| 

| Improbable: 
| 

| 

l 

y 

I 

1 

I 

1 

1 

I 

1 

| 

t 

i 

| Improbable: 
| excess fines. 
I 

I 

| Improbable: 
| too sandy. 
I 

I 


Poor: 
thin layer. 


Fair: 
too clayey, 
small stones. 


Fair: 
too clayey, 
small stones, 
slope. 


small stones, 
area reclaim. 


Poor: 
wetness. 


Good. 


Topsoil 


175 


See text for definitions of 
Absence of an entry indicates that the soil was not rated. The 
information in this table indicates the dominant soil condition but does not eliminate the need for 
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Soil name and 
map symbol 


Linder 


236C2-----------‏ م2368 
Lester‏ 


Ottosen 


308, 308B------------- 
Wadena 


Fieldon 


384, 384B------------- 
Collinwood 


Wacousta 


TABLE 12.--CONSTRUCTION MATERIALS--Continued 


Roadfill 


! low strength. 
1 

Fair: 

! low strength. 
t 

I 

I! 


| slope, 
! low strength. 
1 


1 
(Fair: 
| wetness. 
l 

1 

! 

t 


| Poor: 

| low strength, 
| wetness. 
I 


I 

(Fair: 

| low strength, 
wetness. 


| wetness. 
Poor: 

low strength, 
shrink-svell. 


vetness, 


li 

' 

' 

1 

1 

LI 

I 

' 

' 

! low strength, 
I 

| shrink-swell. 
I 

1 

LI 


low strength, 
wetness. 


i low strength, 
! wetness. 

t 

H 


Sand 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines, 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 


I 
LI 
1 
I 
I 
' 
t 
I 
I 
I 
I 
I 
l 
I 
LI 
' 
1 
I 
TI 
' 
I 
LI 
LI 
I 
I 
| excess fines. 
' 
' 
1 
LI 
LI 
1 
LI 
TI 
LI 
٦ 
1 
LI 
1 
I 
' 
LI 
LI 
TI 
T 
LI 
LI 
U 
' 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


¡Improbable: 
excess fines. 


I 
1 
i 
| Improbable: 

| excess fines. 
| 

' 


Gravel 


Improbable: 
excess fines. 


| Improbable: 
too sandy. 


Improbable: 
excess fines. 
Improbable: 


1 
i 
I 
1 
I 
LI 
l 
l 
l 
I 
t 
i 
1 
! excess fines. 
1 
LI 
' 
I 
I 
I 
I 
I 
I 
l 
t 
1 
4 


Improbable: 
excess fines. 


|iProbable---------- 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
too sandy. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


xcess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 


' 

' 

I 

' 

i 

I 

l 

I 

LI 

t 

t 

t 

l 

l 

M 

I 

' 

' 

' 

V 

1 

| Improbable: 
LI 

y e 

I 

Li 

1 

l 

| 

U 

l 

I 

I 

U 

1 

I 

l 

LI 

LI 

I 

l 

! 

! 

| excess fines. 
l 
l 
I 
1 


| Probable---------- 


Soil Survey 


Topsoil 


Poor: 
wetness, 
excess humus. 


small stones, 
area reclaim. 


Fair: 
small stones. 


Fair: 
small stones, 
slope. 


area reclaim, 
thin layer. 


o 
thin layer, 
wetness. 


Fair: 
too clayey, 
small stones. 


small stones, 
area reclaim. 


ir: 

mall stones, 
rea reclaim, 
hin layer. 


mono 


Fair: 
too clayey. 


ir: 
oo clayey, 
mall stones. 


w no 


or: 
oo clayey, 
etness. 


£ ro 


cor: 
wetness. 
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TABLE 12. --CONSTRUCTION MATERIALS--Continued 


Soil name and Roadfill Sand Gravel Topsoil 


map symbol 


Storden 


562E2, 562F2---------- 
Storden 


640E2, 640F2---------- 
Sunburg 


641B*, 641C2*: 
Clarion-------------- 


Sunburg-------------- 


641D2*: 
Clarion-------------- 


Sunburg-------------- 


641E2*: 
Clarion-------------- 


Sunburg-------------- 


642D2*: 
Sunburg-------------- 


wetness. 


low strength, 


' 
' 
| wetness. 
i 
' 
I 


wetness, 


low strength. 


See footnote at end of table. 


low strength, 


Improbable; 
excess fines. 


Improbable: 
excess fines. 


| Improbable: 
excess fines. 


' 

' 

' 

1 

| Improbable: 
! excess fines. 
' 

' 

Li 

l 

t 

l 

1 


Improbable: 
excess humus. 


| Improbable: 
| excess fines. 
t 


l 
| Improbable: 
| excess fines. 


probable: 


I 
I 
' 
, 
V 
¡Im 
| excess fines. 
h 
! 


٦ 

| Improbable: 

! excess fines. 
I 
| Improbable: 


| excess fines. 
i 
LI 
' 


| Improbable: 


! excess fines. 
I 


I 
| Improbable: 
excess fines. 


I 

I 

' 

t 

' 

1 

i 
¡Improbable: 
| excess fines. 
t 

t 

1 

I 

l 

l 

t 

t 

I 

t 


Improbable: 
excess fines. 


l Improbable: 

| excess fines. 
t 
' 
' 


Improbable: 
excess fines. 


Improhable: 
excess fines. 


Improbable: 
too sandy. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess humus. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines, 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


CH 
° 
° 
a 


Poor: 
wetness. 


Poor: 
small stones, 
area reclaim. 


Fair: 
small stones, 
slope. 


Poor: 
slope. 


Poor: 
wetness, 
excess humus. 


Fair: 
small stones. 


Me) 
m 
pa 
H 


small stones, 
slope. 


Poor: 
slope. 


Fair: 
small stones. 


Fair: 
slope. 


Fair: 
small stones, 
slope. 


Poor: 
slope. 


Poor: 
slope. 


Fair: 
small stones, 
slope. 


e 
o 
o 
As 
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So 


il name and 


map symbol 


642D2* 


Salida--------------- 


Cripp 


658, 6 
Mayer 


Vinje 


in 


B5g-------------- 


Muskego 


823, 8 


23B------------- 


Ridgeport 


836B, 
Kilke 


Fosto 


956*: 


Kamra 


836C2----------- 
nny 


ria 


fpe----------.--- 


TABLE 12.--CONSTRUCTION MATERIALS--Continued 


I 
i Roadfill 
l 
U 
I 
I 


| wetness. 
I 


I 
(Poor: 


low strength. 


Fair: 
wetness. 


wetness, 
low strength. 


I 
L 
I 
I 
'Poor: 

| low strength. 
I 

! 

t 

l 


low strength, 
wetness, 
shrink-swell. 


low strength, 
wetness. 


0 
° 
o 
n 


'Poor: 


| low strength. 
LI 
TI 


a 
° 

° 
ou 


Fair: 
wetness. 


See footnote at end of table. 


Sand 


| Probable---------- 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


!Probable---------- 
I 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 


I 
1 
t 
1 
LI 
' 
t 
I 
I 
1 
I 
I 
I 
U 
t 
I 
l 
I 
i 
I 
۱ 
i 
t 
l 
I 
I 
t 
| 
1 
' 
I 
I 
| 
1 
1 
í 
i 
! D 
| Improbable: 
I 
I 
I 
I 
U 
li 
L 
I 
I 
I 
I 
t 
I 
! 
I 
I 
I 
I 
LI 
LI 
LI 
' 
I 
LI 
I 
I 
1 
t 
I 
i 
| excess fines. 
' 
1 


Gravel 


{Probable — M 


1 
t 
1 
! 

| Improbable: 

| excess fines. 
i 

1 

1 

! 


Improbable: 
excess fines. 


|Probable---------- 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


ı Improbable: 
too sandy. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Inprobable: 


l 
I 
1 
I 
Li 
I 
I 
I 
I 
I 
I 
I 
l 
l 
l 
1 
l 
l 
l 
1 
1 
1 
٦ 
I 
I 
t 
I 
' 
I 
' 
I 
I 
I 
l 
I 
I 
I 
1 
! 
i 
i Improbable: 
LI 
1 
LI 
TI 
LI 
t 
I 
LI 
I 
TI 
l 
1 
I 
I 
I 
I 
I 
I 
l 
1 
I 
t 
I 
i 
1 
I 
U 
I 
t 
t 
i 
' excess fines. 
1 
' 


Soil Survey 


Topsoil 


small stones, 
area reclaim. 


Good. 


area reclaim, 
thin layer. 


Poor: 
thin layer. 


Poor: 
excess humus, 
wetness. 


Fair: 

small stones, 
area reclaim, 
thin layer. 


Fair: 
small stones. 


Fair: 
small stones, 
slope, 


Good. 


Poor: 
wetness. 


Good. 


Fair: 
too clayey, 
small stones. 


air: 
too clayey, 
small stones. 


Hancock County, lowa 


TABLE 12.--CONSTRUCTION MATERIALS--Continued 


Soil name and Roadfill 


l 
l 
l 
map symbol ! 
1 


Palms | wetness. 
| 
1259------------------ (Poor: 
Biscay | wetness. 
| 
1339, 1339B----------- IGood-------------- 
Truman i 
1 
' 
1506------------------ IPoor: 
Wacousta ! wetness. 
LI 
1507------------------ ¡Poor: 
Brownton t low strength. 
I 
i 
1595------------------ | Poor: 
Harpster | low strength, 
! wetness. 
l 
1733------------------ | Poor: 
Calco | low strength. 
1 
U 
2222------------------ IPoor: 
Adrian | wetness. 
| 
40001. ' 
Urban land I 
| 
5010*. ' 
Pits ! 
l 
5040*. i 
Orthents | 
1 


Sand 


Improbable: 
excess humus. 


| Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 


Improbable: 
excess fines. 
Improbable: 


excess fines. 


' 
' 
' 
H 
1 
' 
' 
' 
! 
t 
' 
' 
li 
i 
1 
' 
' 
' 
' 
' 
1 
H 
H 
H 
i 
' 
I 
I 
I 
| Probable------------- 
t 
I 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
1 
' 
1 


Gravel 


l 

LI 

1 

I 

1 

I 

| 

| Improbable: 
| excess humus. 
l 

' 

I 


|Probable------------- 
LI 


Improbable: 
excess fines. 


Improbable: 
excess fines. 
excess fines. 

Improbable: 


excess fines. 


Li 

TI 

I 

I 

1 

U 

l 

1 

U 

1 

1 

I 

1 

r 

' 

H 

1 2 
i Improbable: 
1 

t 

I 

1 

1 

TI 

i 

LI 

' 

i 

| Improbable: 
| excess fines. 
LI 

LI 

| Improbable: 
too sandy. 


Topsoil 


excess humus, 
wetness, 


area reclaim, 
wetness. 


Fair: 
too clayey. 


excess humus, 
wetness. 


* See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 13.--WATER MANAGEMENT 


(Some terms that describe restrictive soil features are defined in the Glossary. 


"slight," "moderate," and "severe." 


Absence of an entry indicates that the soil was not evaluated. 


Soil Survey 


See text for definitions of 


The 


information in this table indicates the dominant soil condition but does not eliminate the need for onsite 


investigation) 


H Limitations for-- T 
Soil name and Pond Embariki t T Aquifer-fed 1 Terraces 


map symbol 


areas 


I 
| reservoir 
1 
1 
1 


dikes, and 
levees 


excavated 


and 


Grassed 


I 
I 
I 
ponds diversions | _ waterways 
1 
1 
I] 


6----------------- ¡Moderate: 
Okoboji | seepage. 
I 
28, 28B----------- ISevere 
Dickman | seepage. 
l 
1 
28D2-------------- ¡Severe: 
Dickman I seepage, 
| slope. 
I 
I 
52B, 52C2--------- (Moderate: 
Bode | seepage, 
| slope. 
I 
I 
52D2, 52E2-------- Severe: 
Bode | slope. 
! 
l 
55---------------- IModerate: 
Nicollet ¦ seepage. 
y 
72, 72B, 72C2----- 'Severe: 
Estherville | seepage. 
U 
I 
72D2-------------- ¡Severe 
Estherville | seepage, 
¦ slope. 
Li 
I 
73C2-------------- ¡Severe: 
Salida | seepage. 
i 
TI 
90---------------- IModerate: 
Okoboji | seepage. 
1 
I 
95---------------- IModerate: 
Harps | seepage. 
I 
1 
107--------------- i Moderate: 
Webster ! seepage. 
l 
135--------------- ISevere 
Coland | seepage. 
li 
| 
138B, 138C2------- IModerate: 
Clarion | seepage, 
slope. 
I 
138D2------------- ¡Severe: 
Clarion | slope. 
1 
FI 
174, 174B--------- ISevere: 
Bolan | seepage. 
| 
221--------------- Severe: 
Palms seepage. 


Severe: 
ponding. 


Severe: 
seepage. 


Severe: 
seepage. 


S 


Moderate: 
piping. 


ISevere: 

! seepage. 
Severe: 
seepage. 
Severe: 
seepage. 


Severe: 
ponding. 


Severe: 
wetness. 


Severe: 
wetness. 


I 
I 
I 
I 
I 
1 
٦ 
I 
1 
1 
1 
LI 
LI 
1 
TI 
LI 
1 
l 
d 
' 
d 
| 
I 
I 
1 
V 
I 
I 
l 
I 
I 
l 
|Severe: 
¦ wetness. 
| 
1 
I 
l 
l 
l 
t 
i 
I“ 
I 
t 
1 
1 
r 
r 
' 
7 
l 
I 
TI 
l 
1 
I 
I 
1 
l 
! 
I 
l 
I 
I 
1 


Severe: 
piping. 


Severe: 
piping. 

Severe: 
seepage, 
piping. 


Severe: 


excess humus, 


ponding. 


Severe: 
slow refill. 


Severe: 
no water. 


Severe: 
no water. 


Severe: 


e 
no water. 
Severe: 

no water. 


' 
' 
' 
1 
i 
1 
1 
i 
I 
I 
1 
LI 
1 
1 
I 
iModerate: 
| deep to water, 
! slow refill. 
l 
Severe: 

no water. 


Severe: 
no water. 


Severe: 

no water. 
Severe: 
low refill. 


مہ ما 


Moderate: 
slow refill. 


Moderate: 
slow refill. 


1 
l 
I 
LI 
I 
l 
1 
l 
I! 
l 
l 
I 
I 
I 
l 
LI 
I 
U 
l 
1 
1 
I 
I 
1 
1 
٤ 
I 
I 
I 
i 
1 
! 
l 
l 
l 
' 
IModerate: 
I Slow refill. 
I 
l] 
I 
V 
t 
TI 
t 
I 
t 
t 
1 
L 
I 
' 
' 
I 
V 
1 
i 
I 
1 
I 
U 
I 
1 
i 
l 
1 
1 
TI 
l 
LI 


Severe: 
no vater. 


Severe: 
no vater. 
Severe: 


no vater. 


Severe: 
slov refill. 


Ponding, 
frost action. 
Deep to water 


Deep to water 
Deep to water 


Deep to water 


Frost action--- 


| 
¡Deep to water 
I 


Deep to water 


Deep to water 


Ponding, 
frost action. 


Frost action--- 
Frost action--- 
Flooding, 

frost action. 
Deep to water 


Deep to water 


Deep to water 


Ponding, 
subsides, 


l 
| 
1 
1 
I 
I 
1 
TI 
! 
l 
1 
{ 
' 
' 
LI 
I 
l 
I 
I 
i 
I 
I 
1 
i 
I 
LI 
' 
V 
1 
I 
l 
I 
t 
l 
I 
' 
' 
V 
4 
' 
' 
r 
' 
' 
t 
I 
' 
V 
r 
K 
1 
I 
1 
i 
U 
t 
li 
| 
l 
I 
t 
I 
! 
! frost action. 
LI 


Not needed----- 
Too sandy, 
soil blowing. 


Slope, 
too sandy, 
soil blowing. 


Favorable------ 


Wetness-------- 


Too sandy------ 


Slope, 
too sandy. 


LI 
i 
! 
I 
I 
LI 
1 
t 
1 
l 
' 
' 
t 
1 
U 
٦ 
t 
LI 
! 
U 
I 
٦ 
LI 
I 
I 
! 
LI 
I 
l 
Li 
li 
I 
1 
1 
LI 
li 
li 
! 
li 
I 
I 
LI 
1 
I 
1 
I 
1 
1 
I 
I 
I 
I 
٦ 
i 
٦ 
U 
LI 
LI 
LI 
! 
Too sandy------ 
Not needed----- 
Wetness-------- 
Wetness-------- 


Wetness-------- 


Erodes easily 


Slope, 
erodes easily. 


Too sandy------ 


Ponding, 
soil blowing. 


' 
LI 
t 
I 
' 
Li 
[| 
I 
LI 
٦ 
' 
t 
' 
1 
LI 
' 
' 
' 
! 
[| 
' 
t 
U 
li 
LI 
f 
1 
' 
I 
1 
1 
1 
LI 
U 
t 
I 
! 
li 
1 
٦ 
I 
I 
li 
1 
! 
l 
i 
1 
i 
I 
i 
I 
I 
! 
I 
I 
I 
I 


INot needed. 
Droughty. 


Slope, 
droughty. 


¡Favorable. 


¡Slope. 
4 
TI 
I 


I 
(Favorable. 


¡Droughty. 


Slope, 

| droughty. 
| 
¡Droughty. 
1 

LI 

TI 


I 
¡Not needed. 
I 


I 
I 
IWetness. 
I 
INetness. 
i 
U 
l 


IWetness. 


Erodes easily. 


Slope, 


t 
1 
| 
1 
! 
l 
| 
{ 
| erodes easily. 


l 
1 
'Favorable. 


Wetness. 


Hancock County, lowa 


Soil name and 
map symbol 


236B, 236C2 
Lester 


236D2, 236F------- 
Lester 


Ottosen 


308, 308B 
Wadena 


Canisteo 


IModerate: 


| seepage, 
| slope. 
I 


(Severe: 
| slope. 
I 


i 
(Severe: 


seepage. 


IModerate: 


| seepage. 
i 
t 
i 


IModerate: 


| seepage. 
! 
I 


| seepage. 
I 
I 
1 


(Severe: 
seepage. 


iModerate: 
slope. 


| seepage. 
1 
IModerate: 
seepage. 


iModerate: 
| seepage, 
| Slope. 
1 
1 
' 


TI 
'Moderate: 
seepage. 


IModerate: 


seepage. 


L 


Pond | Embankments, Aquifer-fed | I I 


TABLE 13.--WATER MANAGEMENT--Continued 
T i t T Features affecting-- 


imitations for-- 


dikes, and 


Severe: 
seepage, 
piping. 


Severe: 
thin layer. 


Severe: 
thin layer. 


Severe: 
seepage, 
wetness. 


Severe: 
ponding. 


Moderate: 


piping, 
wetness. 


Severe: 
seepage, 
piping. 


evere: 
seepage, 
piping, 
wetness. 
Severe: 
seepage, 
piping, 
wetness. 


hard to pack, 
wetness. 


Moderate: 
hard to pack, 
wetness. 


Severe: 
wetness. 


Severe: 
hard to pack, 
wetness. 


thin layer, 
piping, 
wetness. 


Severe: 
wetness. 


excavated 


Severe: 
cutbanks cave. 


Severe: 
no water. 


Severe: 
no water. 


Severe: 
cutbanks cave. 


Severe: 
slow refill. 


Severe: 
slow refill. 


Severe: 
no water. 


Severe: 
cutbanks cave. 


Severe: 
cutbanks cave. 


Severe: 
slow refill. 


Severe: 
slow refill. 


Severe: 
slow refill. 


Severe: 
slow refill. 


Moderate: 
deep to water, 
slow refill. 


Moderate: 
slow refill. 


Moderate: 
slow refill. 


Frost action, 
Deep to water 


Deep to water 


Frost action, 
cutbanks cave. 


Ponding, 
percs slowly, 
frost action. 


Frost action--- 
Deep to water 


Frost action, 
cutbanks cave. 


Frost action, 
cutbanks cave. 


Percs slowly, 
frost action. 


Percs slowly, 
frost action, 
slope. 

Frost action--- 


Frost action--- 


Deep to water 


Ponding, 
frost action. 


Frost action--- 


| Terraces 


and 


Slope, 
erodes easily. 


Wetness, 
too sandy. 


Wetness, 
too sandy. 


Wetness, 
too sandy. 


Wetness, 
percs slowly. 


Wetness, 
percs slowly. 
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Slope, 
erodes easily. 


Wetness. 


Wetness, 


percs slowly. 


Favorable. 


Favorable. 


Wetness, 
rooting depth. 


Wetness. 


Percs slowly. 


Percs slowly. 


Wetness. 


Wetness. 


Favorable. 


Not needed. 


Wetness. 
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TABLE 13.--WATER MANAGEMENT--Continued 


T Limitations for-- Features affecting-- 
Soil name and Pond i Embankments, Aquifer-fed l Terraces ۱ 


1 
t 
1 
map symbol | reservoir 
[ 


I 
I l ' 
| dikes, and | excavated | Drainage | aná I Grassed 
areas ! levees I onës I | diversions | waterways 
| | | | | | 
511--------------- 'Moderate: ISevere: ISevere: ¡Ponding, iPonding-------- iWetness. 
Blue Earth | seepage. | piping, | Slow refill. | frost action. ! I 
| | excess humus, | I I I 
i | ponding. | i i i 
| | | | ! | 
524--------------- 'Severe: ISevere: ISevere: ¡Frost action, |Wetness, ¡Droughty. 
Linder | seepage. | seepage, | cutbanks cave.| cutbanks cave.! too sandy. 
U I 1 ing. I I I 1 
| ii ! ! ! ! 
l l LI 1 I ' 
562D2, 562E2, i I d d i ' 
562F2------------ {Severe iModerate: (Severe: ¡Deep to water Slope, iSlope, 
Storden ! slope. ! piping. ! no water. ! ! erodes easily.| erodes easily. 
I I I l l ! 
621--------------- l Severe: Severe: Severe: ¡Frost action, |Ponding, 'Netness. 
Houghton | seepage. | excess humus, | slow refill. ! subsides, | soil blowing. |! 
! i ponding. | ponding. ! ! 
I 
1 1 LI I t I 
640C2------------- | Severe: I Severe: ¡Severe: ¡Deep to water [Soil blowing---!Favorable. 
Sunburg | Seepage. ! piping. ! no water. | ! I 
I 
1 I l ! I I 
640D2, 640F2, ¡ | | i | 
640F2------------ iSevere: ¡Severe: Severe: ¡Deep to water |Slope, Slope. 
Sunburg | seepage, | piping. | no water. | | soil blowing. | 
t 1 I t I I 
i Slope. 1 ! i I I 
i i i ۱ l I 
641B*, 641C2*: i i i ! I i 
Clarion---------- iModerate: ISevere: ISevere: ¡Deep to water |Erodes easily {Erodes easily. 
| seepage, | piping. | no vater. I 1 ! 
| slope. l ] i i i 
i i i | i i 
Sunburg---------- ISevere: ISevere iSevere: ¡Deep to water {Soil blowing---!Favorable. 
! seepage. | piping. | no water. ! ! ! 
I I l 1 U 1 
641D2*, 641E2*: l | I I ! D 
Clarion---------- ¡Severe: ISevere: ISevere: ¡Deep to vater Slope, iSlope, 
! slope. | piping. ! no water. | ! erodes easily. | erodes easily. 
I 1 I ' ! l 
Sunburg---------- iSevere: (Severe: 'Severe: ¡Deep to water (Slope, ISlope. 
| seepage, | piping. | no water. | | soil blowing. ! 
| slope. i | i i ! 
! I ' d ' ! 
642D2*: | i ' i i i 
Sunburg---------- ¡Severe: ISevere: ¡Severe: ¡Deep to vater |Slope, ¡Slope. 
| seepage, | piping. | no water. I | soil blowing. | 
! slope. d l | I 
i ' I | i i 
Salida----------- ISevere: iSevere: ISevere: ¡Deep to vater !Slope---------- ¡Slope, 
| seepage, | seepage | no water. I i | droughty. 
| slope. i i i i I 
d i I | | l 
654-2-------------- IModerate: 'Severe: IModerate: ¡Frost action---|Erodes easily, !Erodes easily, 
Corwith | seepage. | piping. | deep to water, | | wetness. | rooting depth. 
t I | slow refill. | ۱ I 
i i i i I i 
655--------------- IModerate: iModerate: ¡Moderate: ¡Frost action---|Wetness, ¡Erodes easily. 
Crippin | seepage. | wetness, | slow refill, | | erodes easily.! 
piping. deep to water. | | ! 
! 
t I LË l U l 
658, 659---------- ISevere: ISevere: ISevere: ¡Frost action, ¡Wetness, ¡Wetness. 
Mayer | seepage. | seepage, | cutbanks cave.; cutbanks cave.! too sandy. 1 
I | wetness. I I d 
i i ] i I i 


See footnote at end of table. 
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TABLE 13.--WATER MANAGEMENT--Continued 


T Limitations for-- I Features affecting-- 


LI 
Soil name and | Pond T Embankments, | Aquifer-fed | | Terraces H 
map symbol | reservoir | dikes, and | excavated | Drainage i and 1 Grassed 
H areas I levees I ponds 1 | diversions |  waterways 
' r I I 1 LI 
' i i i ' ' 
787B, ?787C2------- (Moderate: IModerate: (Severe: ¡Deep to vater IFavorable------ IFavorable. 
Vinje | seepage, | hard to pack. | no water. I I I 
| slope. i ! ! ! | 
d i l i i i 
8ll--------------- {Severe 'Severe: ¡Severe: iPonding, ¡Ponding, ¡Wetness, 
Muskego | seepage. | excess humus, | slow refill. | percs slowly. | soil blowing, | percs slowly. 
| | ponding. | I | percs slowly. | 
1 I t t H l 
I 1 I I 1 I 
823, 823B--------- ¡Severe: ISevere: Severe: {Deep to water {Soil blowing---iDroughty. 
Ridgeport ¦ seepage. | piping. | no vater. I 
1 t I i U l 
LI 1 I ' ' 1 
836B, 836C2-------|Moderate: ISevere: ISevere: ¡Deep to vater JFavorable------ Favorable. 
Kilkenny | seepage, | hard to pack. | no water. ji H 
! slope. ! i i ) i 
i i i i 1 I 
836E2------------- | Severe: ISevere: ISevere: {Deep to vater |Slope---------- ¡Slope. 
Kilkenny | slope. | hard to pack. | no water. I ! ! 
1 li l f I U 
I t t i l l 
879--------------- ¡Moderate: IModerate: iModerate: ¡Frost action---|Wetness, 'Erodes easily. 
Fostoria | seepage. | wetness, | deep to water, | erodes easily.! 
! ! piping. ! slow refill. ! i I 
I ' i i d I 
9564: | | | | | | 
Harps------------ iModerate: ISevere: ¡Moderate: ¡Frost action---|Wetness-------- jWetness. 
| seepage. | wetness, | slow refill. | I ! 
I I I TI U I 
I I I 1 I 1 
Okoboji-------- == Moderate: ISevere: ISevere: ¡Ponding, INot needed-----!Not needed. 
| seepage. | ponding. | slow refill. | frost action. | 1 
' l 1 I ' ' 
' l l ' ' LI 
1032-------------- IModerate: 'Severe: IModerate: Frost action---|Wetness, iWetness, 
Spicer | seepage. | wetness. f slow refill. | | erodes easily.| erodes easily. 
I l ! ' ' y 
l 1 1 I L] LI 
1052B*: l I ! ! i ' 
Bode------------- 'Moderate: 'Severe: ¡Severe: ¡Deep to water |Favorable------ 'Favorable. 
! seepage, ! piping. ¦ no water. ۱ | i 
| slope. [ ! i ! ! 
i i I ' i d 
Kamrar----------- IModerate: IModerate: ¡Severe: ¡Deep to water {Erodes easily {Erodes easily. 
! seepage, ¦ hard to pack. | no water. 1 i i 
| slope. i j i i i 
i i l d i i 
ll35-------------- ISevere: {Severe: ¡Moderate: Flooding, \Wetness-------- INetness. 
Coland | seepage. ! wetness. | slow refill. | frost action. ! I 
1 " 1 ! 
' l l l I li 
1221-------------- iSevere: iSevere: iSevere: ¡Ponding, |Ponding-------- ¡Wetness, 
Palms ¦ seepage. | excess humus, | slow refill. | subsides, ! | rooting depth. 
i ¦ ponding. ! | frost action. | n 
' U I ' , 
Li ' U LI LI LI 
1259-------------- ISevere: ¡Severe: ¡Severe: iPonding, iPonding, iWetness. 
Biscay | Seepage. | seepage, | Cutbanks cave.| frost action. | too sandy. i 
1 l l I I U 
I | Piping, i I i i 
! | ponding. j | I I 
| | | | | | 
1339, 1339B------- Severe: l Severe: 'Severe: ¡Deep to water {Erodes easily JjErodes easily. 
Truman | Seepage. | thin layer. I no water. I ! ! 
1 1 
i ' li 1 U V 
1506-------------- ISevere: ISevere: ¡Severe: {Ponding, ¡Erodes easily, |Wetness, 
Wacousta | seepage. | seepage, | cutbanks cave.| flooding, | ponding, | erodes easily. 
| | piping, I ! frost action. | too sandy. ! 
| | ponding. | i i i 
li 1 l 1 I 1 
Li 1 TI I I LI 


See footnote at end of table. 
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TABLE 13.--WATER MANAGEMENT--Continued 


T Limitations for-- Features affecting-- 
Soil name and Pond ۲ Embankments, | Aquiter-fed | Terraces ۱ 


| 
t 
l I I l I 
map symbol | reservoir | dikes, and | excavated | Drainage I and ! Grassed 
1 areas ! levees d ponds ] | diversions j |— waterways 
I I LI I ' l 
| | | | | 
1507-------------- IModerate: ISevere: ISevere: iPercs slowly, |Wetness-----~-- IWetness, 
Brownton | seepage. ! wetness. ! slow refill. | frost action. ! I percs slowly. 
l I 1 
1 I 1 1 U ' 
1595-------------- \Moderate: Severe: Moderate: iPonding, | Ponding-------- !Wetness. 
Harpster | seepage. | ponding. | slow refill. ! frost action, | I 
i 1 LI LI 1 
I I 1 1 I ٦ 
1733-------------- iModerate: ISevere: 'Moderate: IFlooding, itWetness-------- 'Wetness. 
Calco | seepage. ' wetness. | slow refill. | frost action. | [ 
' LI 4 ' I 
TI 1 r ' ' I 
2222-------------- 'Severe: ¡Severe: 'Severe: iPonding, IPonding, INetness, 
Adrian | seepage. | seepage, | slow refill, | subsides, | too sandy, | rooting depth. 
I | piping, | cutbanks cave.| frost action. | soil blowing. 
| | ponding. | i i ! 
t 1 1 I U I 
I I I I l 1 
40001, | ! i i i | 
Urban land i i ' I i I 
t LI 1 LI I l 
I I 1 ll [ l 
5010*. i i ! ! i ! 
Pits i I i I i ! 
I I l 1 I li 
I I U I I l 
50401, I i ! i i I 
Orthents i i | t I l 
| | | | | 


* See description of the map unit for composition and behavior characteristics of the map unit. 
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Absence of an entry indicates that data were not estimated) 


y ' H Classification Frag- ۱ 


I I TI LI I r I 
Soil name and {Depth} USDA texture | T iments | sieve number-- Liquid | Plas- 
map symbol I I | Unified | AASHTO | >3 | T ' T | limit | ticity 
i i ! I linchesi 4 | 10 | 40 | 200 | |_index 
rr NS AA DEELEN OS KAUL O ee Dae GE ————— 
' In I ' ' 1 Pet ' ' I i 1 Pct 
I I ' i i i i I ' i I 
6---------------- | 0-9 ‘Silty clay loam !CH A-7 ' O 1100 1 100 {90-100180-95 | 55-65 | 30-40 
Okoboji ! 9-36!Silty clay loam, !CH \A-7 ! 0 1100 ! 100 [90-100/80-95 | 55-65 | 30-40 
' t i I ' l 4 1 I I I I 
n | silty clay. ' 1 I ' ' [ I t 1 
136-46!Silty clay loam, CH ۸-7 ١  195-100:95-100190-100:80-95 ¦ 55-65 | 30-40 
! ! I TI t I I I li I I“ 
' i silty clay. ' ' I ' I ' I I ' 
l46-60!Stratified loam  !CL, CH ۸-7 ! 0-5 $95-100!90-100!90-100!75-90 | 40-55 | 20-30 
l ¦ to silty clay | i I ' i i I ' i 
i ! loam. ! I i I | | i i I 
' ' i i I i i i i I i 
28, 28B, 28D2----! 0-17|Sandy loam------- ISM, SM-SC,lA-2, A-4 | 0  !95-100/95-100!55-95 !25-40 | 20-30 | 2-8 
Dickman i i | SC i I i i ' I ' i 
!17-35!Sandy loam, fine ISM, SM-SC,!A-2, A-4 | 0  195-100185-100155-95 |25-45 | 15-25 | 2-8 
| ! sandy loam, ! sc i i ' i i i I i 
1 ! loamy sand. i i i i I i i 1 i 
135-60!Stratified fine |SP-SM 1A-3, A-2 | 0  195-100175-100]50-80 | 5-10 | --- | NP 
! ! sand to coarse ! i ' I i i i i I 
I | sand. i i i i i i I i i 
i i i i i | l I i i i 
52B-------------- ! 0-18!Clay loam-------- 'CL 'A-6, A-7 | O !95-100[95-100|75-90 155-80 | 35-50 | 15-25 
Bode 118-28|Clay loam-------- ICL 'A-6, A-7 | O  195-100[90-100[75-90 ¡55-80 | 35-50 | 15-25 
128-60!Loam, clay loam !CL, CL-ML !A-4, A-6 | 0-5 190-100190-95 175-90 150-75 ! 25-40 | 5-15 
k t t ' I ' ' LI 
li t t I 1 1 ' f 0 1 l 
52C2, 5202, 52E2-| 0-6 {Clay loam-------- CL 'A-6, A-7 | 0 195-100195-100/75-90 155-80 | 35-50 | 15-25 
Bode ! 6-30!Clay loam-------- ICL !A-6, A-7 | 0  195-100/90-100!/75-90 155-80 | 35-50 ! 15-25 
| 30-60 Loam, clay loam CL, CL-ML !A-4, A-6 | 0-5 190-100 90-95 175-90 150-75 ¦ 25-40 | 5-15 
1 I t t LI ' I 
l 1 1 I l I ' l 0 1 1 
55--------------- | 0-20!Loam, clay loam |ML, CL 'A-6, A-7 | 0-5 [95-100|90-100/85-98 ¡55-85 | 35-50 | 10-25 
Nicollet !20-41!Clay loam, loam, {CL !A-6, A-7 | 0-5 195-100190-100180-95 155-80 | 35-50 | 15-25 
! ! silty clay loam.! d i i i i | I I 
!41-60!Loam, clay loam ¡CL ۸-6 ! 0-5 !95-100!/90-100/75-90 150-75 | 30-40 ! 15-25 
' ' t Li 1 I [ t l U 
li ' l [L| I I TI I I t U 
72, 72B, 72C2, H I i i i I I i I i 
72D2------------ ! 0-14!Loam------------- 'CL-ML, CL !A-4, A-6 | 0-5 190-100180-100/50-75 [50-60 | 25-40 | 4-15 
Estherville !14-20!Sandy loam, loam,!SM, SM-SC,!A-2, A-4,! 0-5 185-100!80-95 |40-75 !15-45 | 20-30 | 2-8 
' ' coarse sandy ! sc ! A-1 I ! I I I ' 1 
i y loam. I i I i i i i i i 
!20-60! Loamy sand, ISP, SP-SM,/A-l ¦ 0-10 !55-90 [50-90 !10-40 | 2-25 | --- | NP 
| | sand, loamy | SM, GP | | I i | i ' i 
i | coarse sand. I i i i i i i ' I 
' i i i | i | i I | I 
73C2------------- | 0-7 iGravelly sandy SM, SP-SM |A-2, A-1 | 0-5 [85-95 160-75 ¡30-60 {12-20 | --- | NP 
Salida i ! loam. ' d ' i i l i i i 
| 7-151Gravelly loamy SP, SW, A-1 ¦ 0-5 150-90 [40-60 [10-30 | 0-5 | --- | NP 
! ! sand, gravelly ! GP, GP-GM! I ! i i I ' l 
I | coarse sand, | i i i I i i i i 
1 | gravelly loamy | i i i i | I i i 
! ! coarse sand. 1 H I d I I I ' i 
115-601Very gravelly ISP, SW, 'A-l | 0-5 120-70 {10-60 | 5-30 | 0-5 | ہہ‎ | NP 
I | coarse sand, | GP, GP-GM! | ! I i I i i 
I | very gravelly | I i i i i i i i 
i ! sand. i i i d I i i i i 
' i I i i i i I I i i 
D eee mmm da vk pa دہ‎ | 0-9 {Mucky silt loam  |MH ۸-7 Io | 100 | 100 [95-100/90-95 | 60-90 | 10-30 
Okoboji | 9-29!Silty clay loam, CH EN ! o 1100 ! 100 190-100180-95 | 55-65 | 30-40 
1 ' i t LI l ' U li 1 1 
1 | silty clay. i 1 i i i i I I ' 
129-391Silty clay loam, CH {A-7 Io 195-100195-100190-100180-95 | 55-65 | 30-40 
I I i I ' l I 4 LI l ' ' 
I | Silty clay. ' ' I I H I ! ' ' 
139-60|Stratified loam ICL, CH A-7 | 0-5 195-100/90-100190-100|75-90 | 40-55 | 20-30 
I 1 U I 1 1 LI I 
d i i ' ' i i i 
I l l I I LI 1 l 
t LI t Li t 1 1 1 
TI i t 1 I D 1 I 


| to silty clay 
! loam. 
٦ 
l 


Percentage passing 


! 
! 
I 
! 
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— لم‎ E, DER DEE E DEE EA EE aa T— —b5ásrrantano paceing à?L| AA 
Classification ¡Frag- Percentage passing 


[ li l 1 1 l 
Soil name and {Depth} USDA texture I T iments | sieve number-- Liquid | Plas- 
map symbol I | ! Unified | AASHTO | >3 | i I T | limit | ticity 
! ! I I ‘inches! 4  ! 10 | 40 1200 | ! index 
“in i 1 l | Pet | i 1 t | Pct | 
i ' i i I d i i i ' i 
288-------------- ! 0-19! ¡Clay loam, silty !CL, CH ۸-7 ! o  195-100!95-100/90-100165-85 | 40-55 | 20-30 
Ottosen I ! clay loam. ۱ I | | I I ۱ 1 i 
19-35 Clay loam, silty CL, CH ¡A-7 | 0  195-100195-100190-100165-85 | 40-55 | 20-30 
I LI I t I ! [| U l 1 i 
1 i clay loam. ' I 1 1 i 1 I ' I 
| 35-60 Loam س ت‎ ¡CL A-4, A-6 ! 0-5 190-100 | 90-100; 80-95 160-75 ! 25-40 ! 8-20 
LI ' LI l I I I“ l l 1 l 
308, 308B-------- ! O-18ÍLoam------------- ML !A-4 ! ©  !95-100/90-100!75-95 !50-65 | 25-40 | 2-10 
Wadena !118-33!Loam, sandy loam,!SM, ML,  !A-4, A-6 | 0 195-100180-100175-95 140-60 | 25-40 | 5-12 
! ¦ sandy clay loam.) CL, SC | I I \ | I l 
!33-60!Stratified isp, SP-SM,!A-1, A-3,! 0-5 145-100135-95 110 80 ! 2-10 ! --- | NP 
1 | gravelly coarse | GP, GP-GM| A- ۱ ۱ I ! | T I 
i i sand to gravelly} i i I i i i | 
i ! sand. ! I i i i i i i i 
i i i i ' ' | I ' i 
335-------------- ¦ 0-9 !Clay loam-------- icu, CL !A-7 ! 0 95-100190-95 !80-90 !55-75 | 40-55 | 15-25 
Harcot | 9-32|Loam, sandy loan, ¡CL ۸-6 Ip !95-100190-95 175-85 155-75 | 30-40 | 10-20 
! | fine sandy loam.! ! I k ! ۱ H i ' 
132-60|Fine sand, loamy (SP, SM ۸-1 ¦ 0-5 180-95 155-95 {40-50 | 3-25 | --- | NP 
i fine sand, | SP-SM i ! i | i i ' i 
i | gravelly sand. | i ' i i i i i i 
i | i ] d i i I i i i 
848-------------- ! 0-21! |Loan, sandy clay !CL-ML, CL, IA-4 ! o 1100 1 100 $85-95 !50-75 | 20-32 | NP-10 
Fieldon ! | loam. | ML | i | | | I 1 | 
121-36|Fine sandy loam, (ML, SM IA-4 | 0 ! 100 ! 100 170-90 |35-60 | «30 | NP-5 
i | very fine sandy | i H ' i i ' i i 
! i loam, loam. i ' i i | ' i ! ! 
!36-60!Stratified fine SM 'A-2, A-4 ! O ' 100 1 100 $60-100}15-40 | --- | NP 
| | sand to fine 1 ! ! I | ! I ! ! 
i i sandy loam. i i i i i i i i ' 
i i I i | i i i i i i 
384, 384B-------- ! 0-8 PH clay loam CL, CH,  |A-7 ! O 1100 ! 100 !95-100/90-95 | 40-55 | 15-25 
Collinwood ۱ ! ML, MH | i ! ۱ ! ۱ I I 
! 8-36! isilty clay, clay, MH, CH !A-7 ! o 1100 1 100 !95-100!90-95 | 50-65 | 20-35 
| | silty clay loan.| ! | | i H i | ! 
136-60!Silty clay, clay, ICH, CL !A-7 ! O 1100 ! 100 195-100190-95 | 40-60 | 15-30 
| silty clay loam. | i ! ! ! ' i I i 
i i i 1 ' I H i i i i 
388-------------- | 0-20|Silty clay loam {CL \A-7 0 195-100195-100180-85 175-85 | 40-50 | 20-30 
Kossuth 120-30(Silty clay loam, |CL, CH JA-7 | 0  195-100/95-100180-85 175-85 | 45-65 | 25-35 
| | clay loam, clay.| | i i ! ' ! i i 
[30-60] Loam------------- ¡CL ¡A-4, A-6 | 0-5 195-100190-100170-85 ¡50-70 1 25-40 i 8-20 
Li 
l l I 1 I | 1 4 l I Li 
390-------------- ! 0-21!Silty clay------- IML, MH !A-7 loo 1100 ! 100 !95-100/90-100! 45-65 | 14-30 
Waldorf 121-37!Silty clay, silty|MH ۸-7 ! 0 1100 ! 100 !95-100195-100| 50-70 | 20-35 
! LI l T I I LI I ! I I 
i i Clay loam. I I ' i ' 1 i 1 ' 
137-60!Silty clay loam, IMH, CL, !A-7, A-6 | O0 | 100 | 100 {95-100}90-100; 35-65 | 11-30 
I ! silty clay, silt} ML, CÉ I I | I i I i 1 
i ! loam. H i I | i d i ' ' 
i ' ' I I i i ' i i ' 
485B------------- ! 0-60!Loam------------- 'CL !A-6 too 1100 !95-100/85-95 160-80 | 25-40 | 10-20 
Spillville i i ' ! ' i i i i i d 
d i i i i i i ' | I i 
506-------------- ! 0-15! !silty clay loam "CH, CL ۸7 ! O 1100 ! 100 |95-100/95-100; 40-65 | 20-40 
Wacousta !115-24!Silty clay loam, icu, CL ۸-7 i Q ! 100 ! 100 {90-100!90-100} 40-60 | 20-35 
' l silt loam. ] i 1 ' ' i i i 
!24-60!Silt loam, silty len, ML 'A-6, A-4 | 0-5 |95-100/95-100185-100|80-90 | 30-40 | 5-15 
i ! clay loam. i i | i i ' i ' i 
l i i i | I i i I i i 
50725 چ‎ ente ج‎ t o-21|Clay loam-------- ¡OL, CL — jA-7 | o  195-100195-100185-100160-100) 40-50 | 15-20 
Canisteo '21-43!Clay loam, loam, |CL, ML, !A-6, A-4 | 0-5 190-100180-95 160-90 {40-80 | 30-40 | 5-15 
I | sandy loam. | SM, SC | I I i 1 I I i 
! ¡A-6 0-5 195-100; 90-98 ¡80-95 [50-75 | 30-40 12-20 
LI 1 LI TI I I I l 


' 
43-60!Clay loam, loam CL 

' 

u ' 
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TABLE 14.--ENGINEERING INDEX PROPERTIES--Continued 


p 1 
li ' 
LI i 


' ' H Classification iFrag- í Percentage passing 1 T 
Soil name and Depth! USDA texture H I Iments | sleve number-- Liquid | Plas- 
map symbol | ! ¦ Unified | AASHTO | >3 | I 1 T | limit | ticity 
! I H | finches! 4 ! 10 | 40 1200 | | index 
ii I I I | Pot i H H I y Pet | 
bo 14 i i E I ' i | i 
654-------------- | 0-17 | Loam~------------ IML ۸-4 i O į 100 | 100 95-100170-90 | 20-40 | NP-10 
Corwith 117-30jLoam, silt loam IML ¡A-4 i O ¡100 į 100 |j95-100j70-95 | 20-40 | NP-10 
130-60!Silt loam, very IML, CL-ML !A-4 ' O | 100 | 100 190-100165-95 | 20-30 | NP-5 
i i fine sandy loam. | i i d ' i i d i 
i I i i i ' i I i i i 
655-------------- ! Q-19!Loam, clay loam !CL 'A-6, A-7 | O  |95-100195-100[80-90 160-80 | 30-45 | 10-20 
Crippin 119-34!Loam, clay loam !CL 1A-6 ¦ 0-5 !95-100!90-100/80-90 {60-80 | 30-40 | 10-20 
134-60 Loam, clay loam ¡CL 1A-6 | 2-5 190-100185-10075-90 [55-80 ! 30-40 | 10-20 
L 
I U l LI U [| i l I I l 
658-------------- ! 0-17! Loam------------- ICL, ML 'A-6, A-4 | 0-2 195-100185-100!70-90 150-85 | 30-40 | 5-15 
Mayer 117-28|Loam, sandy clay ICL, SC, }A-6, A-4 | 0-5 190-100185-100170-90 140-85 | 30-40 | 5-15 
! | loam, silt loam.| ML, SM ! | I I ! I ! I 
128-60|Gravelly coarse ISP, SW, A-1 ¦ 0-10 165-95 145-85 120-45 | 2-10 | «20 | NP 
l i sand, sand, | SP-SM I i i l I ' i i 
! | coarse sand. i ۱ | | ! I | H i 
i i i ' ' i I | ' i i 
659-------------- | 0-21iLoam------------- 'CL, ML 'A-6, A-4 | 0-2 195-100/85-100!70-90 {50-85 | 30-40 | 5-15 
Mayer 121-37|Loam, sandy clay ¡CL, SC, 'A-6, A-4 | 0-5 190-100185-100170-90 ¡40-85 | 30-40 | 5-15 
i i loam, sandy | ML, SM i i i i i ' i 
I I loam I ' ' ' LI t I I l 
I LI . I Li 1 LI t t 1 I I 
137-60|Gravelly coarse ‘SP, SW, {A-1 ! 0-10 165-95 145-85 120-45 | 2-10 | «20 | NP 
! sand, sand, | SP-SM ! i H n ! 1 I I 
! ! coarse sand. d i i i i i i i I 
i i ' i i i I i i i I 
787B, 787C2------ | 0-9 {Silty clay loam (CL, CH,  !A-7 i o 1100 ! 100 195-100195-1001 40-55 | 15-25 
Vinje I | | ML, MH | ' i d i d i | 
| 9-43ISilty clay, silty!CH, CL A-7 i O i 100 | 100 195-100195-100 40-60 | 15-30 
I I l I ' k 1 l I t ! 
I | Clay loam. ' ' ' 1 I ' ' 1 I 
la3-60!Clay loam, loam, !CL, SC ۸-6 ! 0-5 !90-100/85-95 175-90 145-70 | 25-40 | 10-20 
i | silty clay loam. | i d ' i ' i i i 
i I i I I I I i ' i I 
811-------------- | O-28iSapric material [PT {A-8 roO l =- | ہہ۔ہ‎ Joes | see لہ إ‎ | -— 
Muskego 28-60; Coprogenous earth |OL ۸-5 ! 0 195-100 | 95-100 185-100: 75-96 40-50 | 2-8 
I I l li 1 I t 1 I ' 1 
823, 823B-------- | 0-19!Sandy loam------- ISM, SC, !A-2, A-4 | O {95-100}90-100; 70-90 125-50 | 15-30 | 2-10 
Ridgeport I i | SM-SC i I i | I i ' i 
!19-29!Sandy loam, ISM, SC,  !3A-2, A-4 | O  195-100/85-100165-85 !20-45 | 15-30 | 2-10 
! ' gravelly sandy | SM-SC ! I 1 d I H I | 
' | loam. I i i i i i i i ' 
129-60 'Gravelly loamy ISW, SP, 'A-1 1 0-5 180-95 175-95 135-50 | 2-10 | «25 | NP-6 
I | sand, gravelly | SW-SM, | ' ' i i | i | 
| | sand, sand. | SP-SM ! ! ! ! ! ! | | 
1 I l l ' ' 1 1 i LI I 
1 I 1 TI 1 TI I I 1 r l 
836B, 836C2, i i i I I I ' ' i i | 
836E2----------- | 0-7 {Clay loam-------- IML, MH 1A-7 ! 0  195-100195-100180-95 |70-85 | 40-60 | 10-25 
Kilkenny | 7°42;Clay loam, clay, IMH, CH A-7 Too 195-100190-98 180-95 {65-80 | 50-70 | 25-35 
i | silty clay loam. | i ' i i ! l i | 
142-60 Clay loam, loam ¡CL, ML ¡A-7, A-6 | 0-5 195-1001 90-98 175-90 160-75 ! 35-50 ! 10-25 
1 1 
1 I I 1 ' LI 1 1 4 Li 1 
879-------------- ¦ 0-39!Loam, clay loam CL, CL-ML !A-4, A-6 ! O | 100 1 100 !95-100/80-95 | 25-40 | 5-15 
Fostoria 139-60/Silt loam, loam, {CL ۸-6 ! 0-5 1 100 | 100 175-100155-95 | 30-40 | 10-20 
i | sandy loam. I | ' í i i I i i 
i i i | I I i ' ' i i 
9564: f ' H I i i | i ' d i 
Harps----------- | 0-18|Loam------------- ICL, CH IA-6, A-7 | 0-5 {95-100/95~100/80-90 165-80 | 30-55 | 15-35 
18-42jLoam, clay loam, ¡CL, CH lA-6, A-7 | 0-5 195-100195-100180-90 165-80 | 30-60 | 15-35 
¦ sandy clay loam. | ۱ H ! I H \ i 
cL ۸-6 I | 25-40 | 10-25 
i i I i 
I I I“ | 
LI t l LI 


1 

l 

I i i I i 
¡42-60|Loam, sandy clay 0-5 195-100/90-100|70-80 150-75 
| ! ' t LI 

l 1 


0 
1 
loam. i 
1 
1 


See footnote at end of table. 


Soil Survey 


190 


TABLE 14.--ENGINEERING INDEX PROPERTIES--Continued 


> 
| Ai پر‎ oo o ° oo e mn tO no o uu e no o 
ano + سپ‎ + o CN CN ہے‎ NN ہے‎ Nm en یہ یہ‎ La NN d 
Ç O g VI 1 LI LA ' DEDE LA ' LA [EN í 1 1 Pa 
ہے‎ c oo e CH oo w M uu mun N N N ia oo a Z 
ہپ تب یم‎ mm m A ہے ہے ہے ہے‎ riri ch ہےم ہے ہم ہہ‎ 
تد ںہ‎ nw Val un oo o ooo ou Q oo ° oo o 
Au [e wo wo n na <= nose nn A nn is nin m 1 
25 D ra i 0 ta 1 tee a t ' 1 ta i i 1 i 
Jd no oo O nn o HO OO NA nn nu no N ' 
an NN wm + mm m MMAN == m mm a mom d 
eoo e 
mu w ° oo e oon mu um oo o mn o a 
o وہ‎ A a ad a c ot oo t oo ta mm an a 
e Li t 1 ta ' t 1 1 1 4 4 LA 13 1 1 1 LI 
0 N oo o wy ow Kal mo oo e uu to oo L e 
E, DO o ہم‎ NO تہ‎ NOD) oO U vo i nn m 
ni oo ° e oo Q oo 
ak oo o e og e ooo oo o oo Ka oo o ما‎ 
goj o sa a a an ہے‎ DAR QOO © AN 1 O na 0 <" 
a Ki Li ' ' La ' í! 1 og LA 1 La ba 1 1 I 1 
oo o e wun Kal ہا تہ‎ oo ° w گا‎ to oo CH ° 
Sz na a a aa Oo r.p بد‎ Led w An Led om m e 
bel e e oo oo o Q O 
لل ند‎ e CH oon oo wy e oo N w 
E > CH oo a ہے‎ oo e بے ہے‎ OV ہے ہے‎ o oo ta Ar e © 
oc a oo ' 1 oo ° LL 1 1 ' OO ' 1 ca i D 
Od AA n QO AA n noo mo wm Ae io no o w 
hua a a anan an ao co oO N m 
ia e e O O oOo oo e e oo Q 
e e ooo oo o o eoo ° L'a] 
Qo m mu oo Q too ہے ہہ‎ a oo ta AA ہم‎ a 
+ oo 1 1 oo O t-a A LA 1 oo Ka ta ' ' 
ada oan ص‎ AA Aa WMWO nO O aa in MWA un w 
oO a DOA ana a Ed Da a q 
Y 
ty vo 
Din ap w Ta) w w wn 
os Ojo oo o LI oo o oot oo ' oo oo oo 1 4 
HOA GJA ° e o o e 
E. E Kal 
wo wo نم‎ aD m woo Ko) om 
o رر‎ 1 tant ' vi ' ' 
5 E ste =< < < < < w < < < 
bei a ou ` M M - mon - = > 
ES] 3 ma mn GE =< wot ہرم‎ wo مم‎ co sh SO =s eA 
g Li ' i D p rere 1 1 D vi DÉI ' 1 ' 1 
L stet e l Set et Steet ee e e e < et << =< < 
MA Ki E 
bei کت‎ Pej o = O 
un kel = o a na 
u [5] [ D ta 
T T 3 ba `~ SES] = ao 
m بيا‎ o oe o vd == Uu n 
oj ei = ` 
pral ~ ~ ~ 1 ` -() «a 
E) mu m d dg 73 AAW ک کت )= ہے نے‎ en ad ziu) ao 
O O O رگ‎ zm = 000 Q O O O U RO O O a u 
og ' ' ' ' . > 
> š son He Deos DES DESS DES. e BE 
v SS $ B. SH H 113 1g 5 15 imë thos Y $e 
H o0 o ou On d 110 ta ° tod 1! ہے‎ wi و اتا‎ e O> >» 
3 det od (£c ei ei o n tim 1 O va tan i o . ta TO AMD 
D >= >» O H H LA ' > 1 ۰ 1 - 5 ' PO ع‎ ۵ H G 
x > Gap P+ g تہ‎ Sedes Lin Lg = L SE E Laoag Bou 
o CQ بے ںن‎ Om 0» SE E 559 5585 588 ساوت وت و‎ Hm ° > ٥ D 
+ تب ہ۔ ں بے ں ہے ے‎ a ow O [m] od O ° 1 on r3 Ü nam ao 
DO Wi ہے بی‎ Doch ہے ین‎ OOU O O ° O بے ہ‎ | On DO a ہے‎ wit ل‎ 
< بح‎ ded e mon ad ہے ہے‎ za ana la P ہے‎ Do Sa UU edd a 
a PO. ail DJ +) UE Dy > > =. ند‎ » U aD Lg Hyd 
ul + 49 ہے‎ Hei رہ‎ ç + + Ov GÇ P+ P+ E >. Pa ہے‎ > >. >+ 0 A muc SU DH ogo 
= ہر ہے ہے ہے بے ہے‎ O O ہے ہے ہے ہے ہے‎ ood duna van Vand aj moi oO u o 
7107031907 “Nr Un O mm O ہے ہے‎ u ہے‎ rico 22400 eaoutuunomuJugo 
nn n un uu m ODA OU O Quo = O ON L m 
a Kai 0 e oo e ooo Qiu o no oo no Kal o 
له‎ Om =+ © ہے‎ 0 ato Am O ng = کی‎ Am m w 
a 2 LA D 1 LI 1 tant Li D LA Lt 1 £ 1 t 
Q H ON ww on O OO OO © OM oo ON o w 
a m Ki kal + As a m ei لت‎ N m m 
D ' ' ' ' ' ' 
' 1 ' ' ' 4 ' 
g ' i 1 ' ' l ' 
£ ' 4 q ' ' I ' 
da ' ' ' ' ' ' i 
4.9 1 ' i ' ' ! ' 
' ' ' 1 
BE I ' ' ' ' t ' 
> ' ' 1 i ' i 1 
en KS ' ' 1 ' ' 1 
Kal IN .. 1 H 1 1 i > 
~H Q ° to * | 0 I 6 ta 10 
ہے‎ y “a i U ay 2 La LE 10 
کا‎ E x o Nd N لق‎ 5 1N ہے ہے ہے‎ o0 
ui O ma ino mo CN mg N -A 
LO on on x mü NA am 
a a e ہے ہے ہے‎ 


00 WO nn o 
NS AN mm a 
ta ta ' 1 ' 
oo ma ow Ë 
ہے ہے‎ z N ہے‎ 
uu oo oo 
SS St min in 
1 1 Lt LI N 
oo ہا ہا‎ mo ` 
mm NA mm 
oo OO "^ 
oo O O oo o 
11 TË vi Y 
oo oo uo w 
co مہ‎ wa ہہ ہہ‎ e 
eo oo 
OO iuo OO 9 
ric na ہے ہے‎ a 
i l ti ta LI 
w L io wo o 
nu on aa w 
o 
° 
oo oo ec a 
oo oo oo i 
ae da بے ہے‎ an 
E a 
oo oo oo o 
oo oo oo e 
ہے ہے‎ ad ہے ہن‎ a 
w 
oo oo oo [ 
e 
ہدج‎ lr ےچ وو دم وی‎ 
CDS ww ww e 
I et ta 4 
st e “< se e 
>> > > ` ` 
ww ي پ‎ ١ = e + 
ra L Let BA ' 
<< cc << En 
a 
T "ou ~C) 
کے ںی کے جح‎ ziu 
bon Uu 
- 
E - MEG sa 
JA ONO HH da 
OY on O0 0 ___ 
` 3 > 
E تد‎ 
ad di: BA Be 
oo 9 9.5 Od OO 
ہے ہے‎ An An vi E 
. O . g 
Ps P+ E +— Ü ہے‎ Boa 
UGC بے ن‎ 0 "E o 
بب بب ن بے ہے‎ > aA MOND 
OOA ہب و‎ o VO E 
Aa ہے‎ dr 
Da Sahl - 0 > > نیا‎ 
“ere ud 442 0 du 
e c duo ہے بے ہے‎ DO 
ہے ہے‎ D © لډ لد‎ $ Qa 
AN ao —— ouo an — 
NO oo es O 
N Gg مہ‎ am o 
vi La ta ' 
ON oo on <t 
N گا پ‎ a m 
' 1 
' 1 
' ' 
' ' 
' ' 
D 1 
m i 
a 1 
m ' g 
m 12 
dg 1 o 
0 is 
~E 10 
Q 3 oo 
mH on 
me QË 
ہے ہے‎ 


See footnote at end of table. 


Hancock County, lowa 


l l t ' I 1 
Soil name and {Depth} USDA texture 1 H iments | sieve number-- {Liquid ; Plas- 
map symbol I ! | Unified į AASHTO | > 3 | T I T | limit | ticity 
! I H 1 finches! 4 ! 10 | 40 ! 200 | ¦ index 
m—— rn 7 n yn s ts 
| In 4 ' ' | Pet | I I 1 í Pet | 
] l i i i i i ' I i ' 
1507------------- ! 0-30!Silty clay loam |MH, CH 1A-7 ! O | 100 !95-100190-100!85-95 ! 50-65 | 20-35 
Brownton 130-60!Silty clay, clay |MH, CH ۵-7 I 0 | 100 195-100190-100185-95 | 50-80 | 25-40 
1 , ' ' 1 ' ' I 1 ' t 
1 1 t LI l ' I I LI 1 I 
1595------------- ! O-21!Silty clay loam ‘CL, CH !A-7 ' 0 ! 100 /95-100/95-100!90-100! 45-60 ! 20-35 
Harpster 121-26!Silty clay loam, CL, CH l'A-6, A-7 | O 1 100 !95-100!95-100!70-100! 35-55 ! 20-35 
i | silt loam, loam. į I I d | i d i I 
!26-60!Stratified sandy !CL, CL-ML,!A-4, A-6,! 0 ! 100 |95-100/95-100!45-95 ! 20-50 ! 5-25 
! | loam to clay | SC, SM-SC| A-7 H I d I i H | 
i ¦ loam. i i I ' i i i i i 
I i 1 i i ' i i i i i 
1733------------- ! 0-16!Silty clay loam CH, CL A-7 ! © 1100 ! 100 !95-100!85-100!) 40-60 | 15-30 
Calco 116-48'Silty clay loam CL, CH 1A-7 i Q ' 100 ! 100 !95-100185-100! 40-60 | 15-30 
148-60;Silty clay loam, {CL ¡A=7, A-6 i O 1 100 | 100 {90-100}80-100} 30-45 | 10-20 
i | loam, clay loam. i H i I i ' i i ' 
i j i i ' i i i d i i 
2222------------- | O-34|Sapric material IPT ¡A-8 دہ‎ LAOS MA SË Ma e 
Adrian '34-60!Sand, fine sand, ¡SP, SM !A-2, A-3,1 O  180-100!80-100130-80 | 0-35 | --- ! NP 
i | loamy sand. i y A-1 i i I i i i ' 
1 ' ' ' 1 ' ' t 1 ' li 
' [ TI U 1 I TI I 1 LI I! 
40001, ' ' i i i i i i i i I 
Urban land I i ' ' i i i i i ' i 
' Li ' 1 1 1 1 U ' 1 l 
1 ' i 1 I l I l I 1 1 
5010*. i ! i ' i i d I | i I 
Pits I i i i | i i | d I i 
U I t LI I 1 U I I t 1 
l l ' li I I I I 1 I LI 
50404, i i i i l i i i ' i 1 
Orthents I i i i i i I I I I i 
1 LI t Li l ' L t 1 1 LI 
1 L 0 L Li L Li 1 1 0 l 


* See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 15.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS 


Absence of an entry 


Entries under "Erosion factors--T" apply to the entire 


Entries under "Wind erodibility group" apply only to the surface layer. 


indicates that data were not available or were not estimated) 


(The symbol < means less than; > means more than. 
profile. 
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TABLE 15.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOIIS--Continued 


> 
3 ہے ہے o‏ 

CO O بت‎ 3 a 3 

Om y w یپ لت سس‎ w Ki Ko co w ~ ~ لت‎ <= <= N 
= DA 

va 

su 

ou E ما‎ Ka Kal N N uy Vi Kal + u Vi Kal Vi Kal + 
E a a MMMM M MMM MMMM MiMi aM aaa aM aiia a Mtia a aai 
ou < m IAN rrro mr ooo von oo m4 DODO میم مہ مہ یہ‎ omm WH vvo cocco ' 1 
La NI «mm meme amm ANN NAM AN ' NANA MMN NTN NN NNN ANN ' 
my] x . e m b. ee a ee a e e . e + we ٦ ` se n رھ‎ va e ene e w eo. o eee Tet 

oo ooo oooo ooo ooo OOO oo ba 0000 OOOO OOO oo ooo ooo te 

' 1 VU gd d! 090—000 4 SN KUT nu Fo Y NENE KOSI NR AR ann C 09 010! FT 
ہے‎ ' og Per bree rere Pre d ad bt bt tp ete tte e 0130910 — 459—110 1.0 5 li 1 
ہے ہے‎ ta ree U vies INS CI | 
HR LA it UREN ndot IILI 110119111 du — 8 0608007 BE KË att l lll di 
SG d 11 Liai d gd! ll FIO TAN BD 148 LU ç EEDA 4014 06 lll CL EALE lll | 
na vi VUE t! 1 O a oi aot ooo ow ' 0601! ooo! ta 1 LA oo) 1120 to 
La LA aJ 42 لډ‎ 11123 2234 a1 Ai al Ai vy ta vvii 434242 | si ta vvi piv to 
xo ta Qo 1! l ت‎ G Ot ui Ug vo ta omit "oi! 1 1 1 ta ool noo 1 1 
Sg | Li BSS £esy SUL SUL gas BS ti SELL SEZI bAi kë BEI kib || 
Ha = = TOO D En g TO x CTO = TO Od ta OOS 3 U'O00z noz otc DOs ooo 1x 
e oo 000 ES ہب‎ O ooo ooo S oo ° ° 10 9000 0000 AAO dr 000 nA © 1 Ó 
D HA ZZZ TELE = =+1 = SO = = = = =; 132 - mod =: = = کے‎ mow EES =: = کت‎ = = = tu 

E 

° mst EST و ین ای و‎ god «ms! mms mm Ot OOO MMMM MAX TH Tee SHT me 
ہے‎ sel ` . D . H . a . . ` . . . . . . . . . H H . . # e . . D H . . . . LI . . . . . . . H . 
dw bj Co mann mrov MMO NDO FEO BE FO مم مہم )مھ ج مم ہمعم‎ GEO oo ONO ovo ro 
oo 34 (er napë tee I! | OB ا‎ Në 66 bon Nadir thy db ER 4501010 dë 
ag as پ ہہ‎ HON SHT img OOK Aa IA wiel HOG HE TAS SHP HO 

o . . e w هی‎ QR ® a< q +€ es ENEE Off? + s * dee . + nes sa 

4 won ےم حم‎ oone ran wor DD GO ND 0000 NNNWO VON AR RM rm nn 
o Na ADH MOOO PANN € OO ANO AN AN NOME me OY MOO NO PNAN MMO NO 
ہے‎ AN nda NANA ANN ara HHH NN TFN NANO NNN NA ND NNN NNR SO 
8 5 ees s e a 8 e n a . pr a eo 8 > oe ج‫‎ « a . > > e e # a è e a # n a e * e e # ہم‎ e n 

O rri oo ooo OOOO ooo ooo ooo oo oo OOOO OOOO ooo oo ooo ooo oo 
ں نے ہے‎ vi Pur verre ete ا‎ ا١‎ ENT Ka tar NEN Prat Trey Fro TËT try 11 
ad SIC] oo anm HOMO 000 MWAN FOF QO Nt OMAR OO AMD MM ARH FAO NM 
و‎ QF] sna ہے ہم ہے‎ Naa ann velo ——— OO m= NATO N ANO NRO an NAH NNR mo 
>P o sa oe o 8 a w s 8 sa a e s a an se en a nes a a ee t.’ e n # o. n ae e a'w 
a o oo ooo OOOO OOO OOO OOO oo oo 0000 OOOO ooo oo ooo ooo oo 
> 
Ki oo OOO wwwo ooo OOO OwO OO oo ooo 0000 000 AN OOO OOQ QO 
ہے‎ wl so AOU oe e ù e > > eee OCH) “e . v xv wO oe . n * . e . `. e eee De] 
d E| NA NAN BOON NAN NNN NON NM ON ANON ANNO NNO OO ANN NAN OA 
3 va it K b Po tvs II ا‎ lj CI EA Caoa 9 ١ا 1ا‎ 1 CLECE CC lj A WER dr 

gj کا ماف ماف‎ ANNO 1D 10 1D NO SO XQ. OND OO NN WOOO — i00 3D 0010 OO DON 0100 NO 

v H sa Lan ia . 6 a n so es e oe n e 9 8 s e eo. ns è a e * a « a LL Oo # a e روم‎ e رب‎ 
E oo ooo OOOO OOO OOO OOO oo oo DON OOOO ooo SiO ooo ooo ow 
o 
A 

om OOO OMNOQOGC OM OO Qi) 00 HH ONNAN wow NOW QOO NAO DOM nn 

MANSON mmm virt MMN uni st MMNO MTA NMO MM ANNO mms iuc‏ ے ہا پ تی 
a e + se‏ > .. .. و دو os‏ و و ه 2o an e e n ons a won se w ea bn se `e «w os e a è a‏ 
adan nuu sett Ada de Om nana HHHH das du dad nda Qa‏ ہے ہے ہے nx Ajo] an‏ 
Mol vë UNI GRU LLI K LU Ah 00 6 Th 0d E0308 natë nëb nu dog toni DË‏ بے رب 
ose wo MOO momo Ou 20006 Ou QOO HH ONDAN MONH ONO OO HHO ANO OO‏ 
ANT AN ONS NAM ms‏ يہ ہ یہ ANN sin aO NANM Pq NF NANAMN‏ ىہ ہ یہ =a 0 mea man‏ 

ks] . sen oe s + a woo Oe HNH e€ e e a oue ns sen مھ‎ “e son e e e ue 
ہے ہے ہے ہے ہے‎ adan بے ہے ہم‎ ASA ہہ ہم ہے ہہ بے‎ On AAAs HAAR AAA sa AHA da Qa 

ou ONO ANAND NNW ono OOO mum n ooo NNYO ONO OQ NNO MHA o 
>» wi ma MMN m MMM ہہ مہ‎ shm mm Im AAN. MMAM MMN «ec MMM mmm Ie 
g O 14 rg! ULI pas t LN GEL $K Ky U OK O R K وہ ھتہ‎ EE buy ti 3170 nur | 
a As wo moo nn no ~ oo CH 00 sb iuo ne ta o ہہ ن مہ‎ novn ~ S 00 ww man DON iN 
[9] Na NAN MMMN ہے ہے یہ‎ ANN MMN AN ہے ہے یم ہے ہے ہے‎ NN mm ANF NMAN 
اعم‎ no ano woo noo oO O O ono mo Qo Nono NOOO aso oo avo ooo +0 
E mio ت پ ہے‎ AN < O Aso ri SO CN Mw io SO QN mM mM «o N SP un O amo Mu NNO ٦ O mo 
a ej të arr ا4١۱١‎ ١ It A k L WE ا‎ o قد‎ do NAN 4 WE WE D f$ اہ ہہ‎ LEE ہے وہ‎ APO uri nië 
o li oo ODN OO 0 ooo O00 90H ON OO ONON ONOO OR OO Omo owa Os 
A m یپ ہے‎ Mma ہے ہے‎ At am a + anm NE am m NN acs m 

' 1 LI n ' ' ' ' ' ' t ' ' ' ' 

' ' ' i ' ' ' u 1 D i 1 1 1 ' 
kel 1 ' 0 1 ' ' ' 1 ' ' i ' ' ' ' 
[i ' ' ' D 1 ' ' D D ' ' ' ' 1 ' 
Va ' ' ' ' ' ' ' 1 ' ' i 1 f ' ' 

° ' ' ' ' 1 ' ' ' ' 1 I ' ' i ' 
va LI ' ' ' 1 ' ' D ' m i 1 ' u 1 
SE 1 ' ' ' ' ! [| ' ' a 1 u ' i ' 

ES ta ' ' ' “ ' ' ' ' m tag is ru 1 ' 
ga ta ' - 1 i ' ' ' ' m ta to to 1 l 

1 H ' TA tou d H Lo ' ' > ae tan tw 14 t re 
Ae 10 a ° to KI o re ru ta hy L 3 [E 1 0 i O i g 
تہ ہے‎ iw se O à 1 Û mo 5 La LE ro SB Lo i LG t 0 br 
° E ta xb o Nd ng 5 na an ANH a Wo TO mua md SE 
a no ou M ma mo mo N تہ‎ LÒ ہے‎ mh O. ° M anv ma N 

fa Ma O ou om EA = ں‎ NA Na ma in a nm ہ‎ = SO Na 

kd ہم لت‎ a ہے‎ a ہے‎ lan) ہے ہے‎ a a N 


* See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 16.--SOIL AND WATER FEATURES 


Absence of an entry indicates that the feature is not a 


The symbol < means less than; > means more than. 


("Flooding" and "water table" and terms such as "occasional," "brief," and "apparent" are explained in the text. 
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See footnote at end of table. 
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TABLE 16.--SOIL AND WATER FEATURES--Continued 


i I 
Soil name and {Hydro~! T T 1 1 H ¡Potential! T 
map symbol | logici Frequency | Duration {Months | Depth | Kind (Months | frost {Uncoated !Concrete 
[group | i i i i ! ! action | steel | 
I I I ' yo Ft i i i i I 
I i i i ' I i h i l 
658, 659---------- | B/D iNone-------- too | ===- 11.0-3.0j Apparent |Nov-JullHigh----- IHigh----- ILow. 
Mayer i i ' i I i I i i l 
ہے‎ | | | | | | | 
787B, 787C2------- | B  INone-------- ہد‎ | --- 16.0 | --- | --- {Moderate !Moderate !Low. 
Vinje i i i | i | i | | ' 
INE | | | | | | | 
Bll--------------- | A/D INone-------- | non | st” | *l-1.0lApparent|Nov-JullHigh----- ¡Moderate |Moderate. 
Muskego i i i ' i i I 1 i i 
EE | | | | | | 
823, 823B--------- | B {None-------- --- {| === 1960 | =-=- | --- | Low------ | Low------ | Low. 
Ridgeport i I I i ' I i i I i 
1 ' t I ' l l ! I ' 
1 ' I I ' 1 1 l l 1 
836B, 83602, i I i i i i l I d i 
836E2------------ | B jNone-------- ! nan | === | 56.0 | --- | --- {Moderate |Moderate 'Moderate. 
Kilkenny i i ' i i i i i ' i 
I ' I d i I i i i | 
879--------------- | B  {None-------- -—— | tt” 12.0-4.0 | Apparent|Nov-JullHigh----- iHigh----- (Low. 
Fostoria I I i ' I i I d I I 
I 1 1 i TI 1 1 U I I 
I i I t I] i 1 ' l LI 
956*: i i i I i i i i l i 
Harps------------ | B/D |None-------- i occ {occ 11.0-3.0jApparentiNov-Jul {High sese iHigh----- | Low. 
! I ' I I Li I 1 1 
l I I 1 l I ! I l LI 
Okoboji---------- | B/D |None-------- toc l --- | +1-1.0jApparent |Nov-Jul ¡High ----- |High----- 'Low. 
1 LI I I 1 ! 
1 LI LI I l I U i I li 
1032-------------- | B/D |None-------- ! e t ==- 1:0-3 ,0 Apparent |Nov-JullHigh----- 'High----- 'Low. 
Spicer | i i I ' ' i I I I 
U t I LI 1 l I [L| LI U 
t I I 1 l 1 l I TI li 
1052B*: i | i i i i ! i l ! 
Bode------------- | B  INone-------- l mou | === | 56.0 ! --- | --- {Moderate {Moderate Low. 
I U I ' l 1 LI 
I I l ' t LI H I Li LI 
Kamrar----------- | B  JNone-------- Loma ! --- | >6.0 | --- | --- ¡Moderate iHigh----- Low. 
I U I I ۴ 
I l ' 4 1 I [| l I t 
1135-------------- | B/D iFrequent----|Brief----- | Feb-Nov1.0-3.0| Apparent |Nov-JullHigh----- iHigh----- iLow. 
Coland d ' i I d i i d I i 
i I I i i i d i ' l 
1221-------------- | D |None-------- po nen i ۔ہہ۔‎ | +1-1.0j|Apparent | Jan-Dec|High-----|High----- IModerate. 
Palms | i I i i i ' i i i 
i i i I I I i i I d 
1259-------------- | B/D |None-------- l mon | tt” d *l-1.0iApparent|Jan-DecHigh----- IModerate lLow. 
Biscay i i I ' i ' i I I ' 
' I i i i I i i d i 
1339, 1339B------- ! B INone-------- I --- | === 156.0 | --- | --- iHigh----- ILow------ ILow. 
Truman i I i i i i ۱ i l ' 
I i i l i i i ' i i 
1506-------------- | B/D {Occasional {Brief----- IMar-Sepi +1-1.0¡Apparent!|Nov-Jul !High----- IHigh-r---- LOW. 
Wacousta I l ! i i ] i I 1 I 
I i i ' ' i ' i i i 
1507-------------- | C/D iNone-------- | ees i tt”  (1.0-2.5iApparentiNov-Jul !High----- IHigh-----!Low. 
Brownton ' I i I ' i | j i l 
' ' I I i i i i i i 
1595-------------- | B/D |None-------- | een | --- | +.5-2,0jApparent |Nov-Jul|High----- iHigh----- 1 Low. 
Harpster d i l | ' I ' i i I 
' ' i I i i l i i 1 
1733-------------- | B/D JFrequent----lBrief----- {Feb-Nov | 1.0-3.0 Apparent |Nov-Jul !High----- IHigh----- ‘Low. 
Calco | i I I i i ' i I i 
I I I I i i i i i i 
2222-------------- | A/D {None -------- fo wee | —- ! *1-1.0]Apparent|Nov-Jul!High----- IHigh—---- IModerate. 
' ' ! ٦ U 
i i i 
1 LI LI 


li 
Adrian | I ' i ! 
li LI ۴ Li 
1 1 1 $ 
E — — E A A 


* See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 17.--CLASSIFICATION OF THE SOILS 


(An asterisk in the first column indicates that the soil is a taxadjunct to the series. See text fora 
description of those characteristics of the soil that are outside the range of the series) 


Family or higher taxonomic class 


Sandy or sandy-skeletal, mixed, euic, mesic Terric Medisaprists 
Fine-loamy over sandy or sandy-skeletal, mixed, mesic Typic Haplaquolls 
Fine-silty, mixed (calcareous), mesic Mollic Fluvaquents 
Fine-loamy, mixed, mesic Typic Hapludolls 

Coarse-loamy, mixed, mesic Typic Hapludolls 

Fine, montmorillonitic (calcareous), mesic Typic Haplaquolls 
Fine-silty, mixed (calcareous), mesic Cumulic Haplaquolls 
Fine-loamy, mixed (calcareous), mesic Typic Haplaquolls 
Fine-loamy, mixed, mesic Typic Hapludolls 

Fine-loamy, mixed, mesic Cumulic Haplaquolls 

Fine, montmorillonitic, mesic Aquic Hapludolls 

Coarse-silty, mixed, mesic Aquic Hapludolls 

Fine-loamy, mixed, mesic Aquic Hapludolls 

Sandy, mixed, mesic Typic Hapludolls 

Sandy, mixed, mesic Typic Hapludolls 

Coarse-loamy, mixed (calcareous), mesic Typic Haplaquolls 


Fostoria Fine~loamy, mixed, mesic Aquic Hapludolls 
*Harcot----------- Fine-loamy over sandy or sandy-skeletal, mesic Typic Calciaquolls 
Hatpse--em9 ee eR Fine-loamy, mesic Typic Calciaquolls 

Harpster Fine-silty, mesic Typic Calciaquolls 

Houghton Euic, mesic Typic Medisaprists 

Kamrar----------- Fine, montmorillonitic, mesic Typic Hapludolls 

Kilkenny Fine, montmorillonitic, mesic Mollic Hapludalfs 
Kossuth---------- Fine-loamy, mixed, mesic Typic Haplaquolls 
Lester----------- Fine-loamy, mixed, mesic Mollic Hapludalfs 
Linder----------- Coarse-loamy, mixed, mesic Aquic Hapludolls 
Mayer--------------------- Fine-loamy over sandy or sandy-skeletal, mixed (calcareous), mesic Typic 

Haplaquolls 

Muskego---------- Coprogenous, euic, mesic Limnic Medisaprists 

Nicollet Fine-loamy, mixed, mesic Aquic Hapludolls 
Okoboji---------- Fine, montmorillonitic, mesic Cumulic Haplaquolls 
Orthents Loamy, mixed, nonacid, mesic Typic Udorthents 
Ottosen---------- Fine-loamy, mixed, mesic Aquic Hapludolls 
Palms------------ Loamy, mixed, euic, mesic Terric Medisaprists 

Ridgeport Coarse-loamy, mixed, mesic Typic Hapludolls 
Rolfe--------------- Fine, montmorillonitic, mesic Typic Argialbolls 
Salida-------------- Sandy-skeletal, mixed, mesic Entic Hapludolls 
Spicer-------------- Fine-silty, mixed (calcareous), mesic Typic Haplaquolls 
Spillville Fine-loamy, mixed, mesic Cumulic Hapludolls 
Storden------------- Fine-loamy, mixed (calcareous), mesic Typic Udorthents 
Sunbürg------------» Coarse-loamy, mixed (calcareous), mesic Typic Udorthents 
Truman-------------- Fine-silty, mixed, mesic Typic Hapludolls 
Vinje--------------- Fine, montmorillonitic, mesic Typic Hapludolls 

Wacousta Fine-silty, mixed, mesic Typic Haplaquolls 
Wadena-------------------- Fine-loamy over sandy or sandy-skeletal, mixed, mesic Typic Hapludolls 
Waldorf------------------- Fine, montmorillonitic, mesic Typic Haplaquolls 
Webster------------------- Fine-loamy, mixed, mesic Typic Haplaquolls 
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WINNEBAGO COUNTY SOIL LEGEND* 
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سے‎ Ko rett T LESTER-KILKENNY-WEBSTER association: Nearly level to steep, well drained 
Zeie Na A y سے‎ Ee PST. ° and poorly drained, loamy soils that formed in glacial till, in lacustrine sediments 
Y : ہے‎ 1748 and the underlying glacial till, and in glacial till or reworked till; on uplands 


CANISTEO-WEBSTER-NICOLLET association: Nearly level and very gently slop- 
ing, poorly drained and somewhat poorly drained, loamy soils that formed in 
glacial till or reworked till; on uplands 


CANISTEO-NICOLLET-CLARION association: Nearly level to strongly sloping, 
poorly drained, somewhat poorly drained, and well drained, loamy soils that 
formed in glacial till or reworked till; on uplands 


COUNTY 


Mazo ] FIELDON-HARCOT-RIDGEPORT association: Nearly level to gently sloping, 
— — poorly drained and somevyhat excessively drained, loamy soils that formed in 
e] loamy sediments that overlie sand or sand and gravel; on outwash plains and 
—43*10' stream terraces 


COUNTY 


well drained, somewhat excessively drained, and poorly drained, silty and loamy 
soils that formed in reworked glacial till and the underlying glacial outwash, in 
glacial outwash, and in glacial till or reworked till; on uplands, outwash plains, 
and stream terraces 


Gei | go, I á TRUMAN-ESTHERVILLE-WEBSTER association: Nearly level to strongly sloping, 


RIDGEPORT-COLAND-TRUMAN association: Nearly level to gently sloping, 
somewhat excessively drained, poorly drained, and well drained, loamy and silty 
soils that formed in loamy sediments and the underlying sand and gravel, in allu- 
vium, and in reworked glacial till and the underlying glacial outwash; on out- 
wash plains, bottom land, and stream terraces 


BODE-COLLINWOOD-WALDOREF association: Nearly level to strongly sloping, 
well drained, somewhat poorly drained, and poorly drained, loamy, silty, and 
clayey soils that formed in glacial or lacustrine sediments and the underlying 
glacial till and in lacustrine sediments; on uplands 


BODE-KOSSUTH-OTTOSEN association: Nearly level to moderately sloping, well 
drained, poorly drained, and somewhat poorly drained, silty and loamy soils that 
formed in glacial or lacustrine sediments and the underlying glacial till; on 
uplands 
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*Texture terms in the descriptive headings refer to the surface layer of the 
major soils in the associations. 
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Each area outlined on this map consists of 
more than one kind of soil. The map is thus 
meant for general planning rather than a basis 
for decisions on the use of specific tracts. 
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SOIL LEGEND 


CONVENTIONAL AND SPECIAL 
SYMBOLS LEGEND 


CULTURAL FEATURES 


Map symbols consist of numbers or a combination of numbers and a let- 
ter. The initial numbers represent the kind of soil. A capital letter follow- 
ing these numbers indicates the class of slope. Symbols without a slope 
letter are for nearly level soils or miscellaneous areas. A final number of 
2 following the slope letter indicates that the soil is moderately eroded. 


NAME 


Okoboji silty clay loam, O to 1 percent slopes 

Dickman sandy loam, 0 to 2 percent slopes 

Dickman sandy loam, 2 to 5 percent slopes 

Dickman sandy loam, 5 to 14 percent slopes, moderately eroded 
Bode clay loam, 2 to 5 percent slopes 

Bode clay loam, 5 to 9 percent slopes, moderately eroded 

Bode clay loam, 9 to 14 percent slopes, moderately eroded 

Bode clay loam, 14 to 18 percent slopes, moderately eroded 
Nicollet loam, 1 to 3 percent slopes 
Estherville loam, O to 2 percent slopes 
Estherville loam, 2 to 5 percent slopes 

Estherville loam, 5 to 9 percent slopes, moderately eroded 
Estherville loam, 9 to 14 percent slopes, moderately eroded 

Salida gravelly sandy loam, 2 to 9 percent slopes, moderately eroded 
Okoboji mucky silt loam, O to 1 percent slopes 

Harps loam, 0 to 2 percent slopes 

Webster clay loam, O to 2 percent slopes 

Coland clay loam, O to 2 percent slopes 

Clarion loam, 2 to 5 percent slopes 

Clarion loam, 5 to 9 percent slopes, moderately eroded 

Clarion loam, 9 to 14 percent slopes, moderately eroded 

Bolan loam, 0 to 2 percent slopes 

Bolan loam, 2 to 5 percent slopes 

Palms muck, 0 to 1 percent slopes 

Linder sandy loam, 24 to 32 inches to sand and gravel, 0 to 2 percent slopes 
Lester loam, 2 to 5 percent slopes 

Lester loam, 5 to 9 percent slopes, moderately eroded 

Lester loam, 9 to 14 percent slopes, moderately eroded 

Lester loam, 14 to 25 percent slopes 

Biscay clay loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes 
Rolfe silty clay loam, 0 to 1 percent slopes 

Ottosen clay loam, 1 to 3 percent slopes 

Wadena loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes 
Wadena loam, 32 to 40 inches to sand and gravel, 2 to 5 percent slopes 
Harcot clay loam, 0 to 2 percent slopes 

Fieldon loam, 0 to 2 percent slopes 

Collinwood silty clay loam, 0 to 2 percent slopes 

Collinwood silty clay loam, 2 to 5 percent slopes 

Kossuth silty clay loam, 0 to 2 percent slopes 

Waldorf silty clay, O to 2 percent slopes 

Spillville loam, 2 to 5 percent slopes 

Wacousta silty clay loam, O to 1 percent slopes 

Canisteo clay loam, O to 2 percent slopes 

Blue Earth mucky silt loam, O to 1 percent slopes 


NAME 


Linder sandy loam, 32 to 40 inches to sand and gravel, O to 2 percent slopes 
Storden clay loam, 5 to 14 percent slopes, moderately eroded 
Storden clay loam, 14 to 18 percent slopes, moderately eroded 
Storden clay loam, 18 to 25 percent slopes, moderately eroded 
Houghton muck, 0 to 1 percent slopes 

Sunburg sandy loam, 5 to 9 percent slopes, moderately eroded 
Sunburg sandy loam, 9 to 14 percent slopes, moderately eroded 
Sunburg sandy loam, 14 to 18 percent slopes, moderately eroded 
Sunburg sandy loam, 18 to 25 percent slopes, moderately eroded 
Clarion-Sunburg complex, 2 to 5 percent slopes 

Clarion-Sunburg complex, 5 to 9 percent slopes, moderately eroded 
Clarion-Sunburg complex, 9 to 14 percent slopes, moderately eroded 
Clarion-Sunburg complex, 14 to 18 percent slopes, moderately eroded 
Sunburg-Salida complex, 9 to 14 percent slopes, moderately eroded 
Corwith loam, 1 to 3 percent slopes 

Crippin loam, 1 to 3 percent slopes 

Mayer loam, 24 to 32 inches to sand and gravel, 0 to 2 percent slopes 
Mayer loam, 32 to 40 inches to sand and gravel, O to 2 percent slopes 
Vinje silty clay loam, 2 to 5 percent slopes 

Vinje silty clay loam, 5 to 9 percent slopes, moderately eroded 
Muskego muck, O to 1 percent slopes 

Ridgeport sandy loam, O to 2 percent slopes 

Ridgeport sandy loam, 2 to 5 percent slopes 

Kilkenny clay loam, 2 to 5 percent slopes 

Kilkenny clay loam, 5 to 9 percent slopes, moderately eroded 
Kilkenny clay loam, 9 to 18 percent slopes, moderately eroded 
Fostoria loam, 1 to 3 percent slopes 
Harps-Okoboji complex, O to 2 percent slopes 

Spicer silty clay loam, O to 2 percent slopes 
Bode-Kamrar clay loams, 2 to 5 percent slopes 

Coland clay loam, channeled, O to 2 percent slopes 

Palms muck, ponded, O to 1 percent slopes 

Biscay clay loam, ponded, 32 to 40 inches to sand and gravel, O to 1 percent 
slopes 

Truman silty clay loam, stratified substratum, 0 to 2 percent slopes 
Truman silty clay loam, stratified substratum, 2 to 5 percent slopes 
Wacousta silty clay loam, stratified substratum, 0 to 1 percent slopes 
Brownton silty clay loam, 0 to 2 percent slopes 

Harpster silty clay loam, 0 to 2 percent slopes 

Calco silty clay loam, frequently flooded, 0 to 2 percent slopes 
Adrian muck, 0 to 1 percent slopes 

Urban land 

Pits, sand and gravel 

Orthents, loamy 


BOUNDARIES 
County or parish 
Reservation (national forest or park, 
State forest or park, 
and large airport) 


Field sheet matchline & neatline 


AD HOC BOUNDARY (label) 


Small airport, airfield, park, [Davis Airstrip ہے ہج‎ 


or cemetery 
STATE COORDINATE TICK 


LAND DIVISION CORNERS 
(sections and land grants) 
ROADS 
Divided (median shown 
if scale permits) 
Other roads 
ROAD EMBLEMS & DESIGNATIONS 
Federal 
State 
RAILROAD 
DAMS 
Large (to scale) 
Medium or small 
PITS 
Gravel pit 
MISCELLANEOUS CULTURAL FEATURES 
Farmstead, house 
(omit in urban areas) 


Church 


Schooi 


VVATER FEATURES 


DRAINAGE 
Perennial, double line 
Perennial, single line 


Intermittent 
Crossable with tillage implements 


Not crossable with tillage implements 


Drainage end 
Canals or ditches 
Drainage and/or irrigation 

LAKES, PONDS AND RESERVOIRS 

Perennial 

Intermittent 
MISCELLANEOUS WATER FEATURES 

Marsh or swamp 

Wet spot 

Sewage lagoon 


SPECIAL SYMBOLS FOR 
SOIL SURVEY 


SOIL DELINEATIONS AND SYMBOLS 


55 1388 


ESCARPMENTS 
Other than bedrock 
(points down slope) 
SHORT STEEP SLOPE 
SOIL SAMPLE SITE 
(normally not shown) 
MISCELLANEOUS 


(each symbol represents 2 acres or less) 
Gravelly spot 
Sandy spot 
Severely eroded spot 
Calcareous spot 
Spot of Harps soil 
Spot of Okoboji soil 
Spot of depressional gray subsurface soil 


Spot of well drained soil 


Spot of disturbed soil 
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This map is compiled on 1976 aerial photography by the U. S. Department of Agriculture, Soil Conservation Service and cooperating agencies. 
Coordinate grid ticks and land division comers, if shown, are approximately positioned. 
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